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Two of the biggest issues facing large organizations today are knowledge transfer
from the retiring Baby Boomers to their younger replacements, the Gamers, and the
retention of those younger employees. Retirees are replaced by people 34 years old or
younger who think, learn, believe, respond, and work differently further increasing the
cultural gap that must be traversed in order to successfully transfer knowledge. This
younger demographic is raised on technology and may not remember a time when there
were no computers, video games, mobile devices, and the Internet. Large organizations
aspiring to stay relevant must learn to take advantage of these unique traits. For
organization that utilize repetitive work processes involving ruggedized handheld
computing tools, both of these issues mentioned can be remediated through the adoption
of modern technology. Some ruggedized handheld device manufacturers, however, have
been hesitant to embrace consumer-implemented solutions such as the removal of all
physical keys in order to incorporate touchscreen only input. Using Baby Boomer and
Gamer-aged workers from a large transportation company experienced with ruggedized

handheld devices, a time and error evaluation was performed to determine which input
type is best by generation. This study found that moving from physical keyed devices to
ruggedized handhelds with touchscreens only is a productive move for an industrial
workforce but it’s the Boomers who stand to benefit from this change the most, not the
Gamers. This study also identified near future requirements for the next iteration of
ruggedized handheld devices based on the expectations of members of the current and
future workforce. Results showed that participants from all generations selected a device
that followed the touchscreen only model for data input. Experienced users from all
generations preferred a smaller device with a large screen size. Lastly, Lean and Six
Sigma were combined and their benefits explored in an effort of implementing
manufacturing quality tools into a global, service-based, logistics organization. These
tools and principles were used to improve the quality and timeliness of selecting and
implementing a new ruggedized handheld device for the line-level workers on a global
scale.
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DISSERTATION OVERVIEW

1.1

Introduction
Two of the biggest issues facing large organizations in today’s poor economy are

knowledge transfer from retirees to their younger replacements (Kapp, 2007) and the
retention of those younger employees (Sujansky, 2009). When employees retire, no
matter how well established an organization’s training program is, some knowledge will
lost in the transition process. In the event that knowledge transfer opportunities are
minimal, unsuccessful, or nonexistent, an organization can be financially impacted in
numerous ways. These impacts are often prevalent in two main ways: 1) having
avoidable issues resurface due to lack of relevant organizational-specific knowledge and
2) customer forfeiture and damaged relationships due to the loss of historical client
information. The inability to retain newer, younger employees is another financial sink as
it costs valuable time, money, and resources to train the next generation of the workforce.
If employees feel the need to consistently explore new career opportunities, an
organization may never financially recoup their investment, further impacting their
knowledge transfer capabilities. As organizations look for solutions to these two key
issues, they should consider investing their time and resources into understanding the
demographic shift that is currently in process in the global workforce (Carstens & Beck,
1

2005) and what this shift means in terms of the changing skillsets in the line-level
employees.
In the United States alone, employees are reaching retirement age at a rate of
10,000 people per day and this trend is expected to continue for the next 20 years
(DePass, 2012). Those who are retiring are most often being replaced by someone who is
34 years of age or younger (Carstens & Beck, 2005). These employees aged 34 years and
younger think, learn, believe, respond, and work far differently than the retirees ever did
further increasing the gap that must be traversed by the trainers in large organizations as
they look to successfully transfer knowledge. This younger demographic was raised on
technology and have never known a time when there weren’t computers, video games,
smart devices, and the internet. Thus, the younger generation is often referred to as
“digital natives” (Prensky, 2006). Younger employees bring a different skillset to the
workplace as they have grown up using a different set of repetitive motions, have
stronger visual memory capabilities (Hershatter & Epstein, 2010), are tactile learningbased (Cairncross & Buultjens, 2007), and are more experienced at memory retention and
recall (Oyen & Bebko, 1996).
Large, global organizations that hope to stay competitive must learn to adapt
quickly to this new workforce demographic. This includes taking advantage of the
technical, natural-born talents that these younger personnel are bringing to the workforce.
1.2

Dissertation research aims
The goal of this dissertation is to evaluate the unique skillset that the younger

generation brings to the workforce and use this analysis to determine key characteristics
that future handheld scanning devices should contain in order to take advantage of these
2

skillsets so that knowledge transfer and employee retention may be increased. The
research objectives are to identify key handheld preferences, to recommend a handheld
form factor and other properties based on the research findings, and to identify the means
with which to create a quality of culture in an organization that would make world-wide
distribution of a future handheld device possible within an organization. This study will
also contribute to a better understanding of the youngest cohort in the workplace, and
demonstrating how they are different from generations that preceded them.
1.3

Study 1: Demographic shift
While there are numerous studies on the youngest generation presently in the

workforce (or the Gamer generation for the context of this study) and how they compare
to other coworker generations, there is difficulty in finding a comprehensive study that
combines all of the generationally-based findings into a single collection. There is also
difficulty in finding a single study that highlights all of the Gamer generation’s skillsets
that are unique to this cohort and are becoming a part of the workforce toolkit for the first
time. The purpose of this first study will be to identify those unique skillsets exclusive to
the Gamer generation.
1.4

Study 2: Device time and error study
The first objective for this study is to determine whether ruggedized handheld

scanning devices used for Industrial purposes should contain one of the most prominent
features provided today on commercial smart devices: data entry via touchscreen as
opposed to a physical keypad. The test will focus on the time and error rate of inputting

3

data from a keypad versus a touchscreen and will include both younger and older
generations.
1.5

Study 3: Device design preference survey study
The second study will develop a recommended design for preferred future

handheld form-factor characteristics. A device design recommendation based upon
current and future field worker feedback and preference will be provided. The objective
for this study is whether the future design of the device is preferred over current iterations
of ruggedized handheld scanning devices available today. The test will compare and
contrast the differences between current and future ruggedized devices based upon the
perception of the users, specifically members from the Baby Boomer and Gamer
generations. The results from this study can then be used as a baseline for defining and
developing the final product that would be globally distributed to large corporations
specializing in Industrial and Service-based functions.
1.6

Study 4: Device selection and implementation case study
The final study is a case study that combines the principles of Lean and Six Sigma

into a single toolkit. The application of these tools will then be used to identify areas of
improvement in the quality and timeliness of selecting and implementing a new
ruggedized handheld device for field workers.

4

GAMERS VERSUS BOOMERS: LEVERAGING GENERATIONAL DIFFERENCES
TO REDUCE KNOWLEDGE TRANSFER AND EMPLOYEE RETENTION
ISSUES IN THE WORKPLACE

2.1

Introduction
A significant shift in the demographics of the global workplace is currently in

process (Carstens & Beck, 2005). Employees, largely Baby Boomers (or Boomers), who
have worked for the same companies for years are reaching retirement age in droves at a
rate of 10,000 per day, every day for the next 20 years (DePass, 2012). These Boomers
are often replaced by a member of the Gamer generation, someone who is 34 years of age
or younger (Carstens & Beck, 2005). To emphasize the significance of this generational
shift, it’s not uncommon for the retiree to have amassed more years of work experience
than the age of their replacement.
An additional complexity in the current demographic shift is that the wave of
employees aged 34 years and younger (the Gamers) think, learn, believe, respond, work,
and play far differently than the retirees ever did. This younger demographic was raised
on technology. In fact, they have never known a time when there wasn’t technology; this
distinction makes them “digital natives” (Prensky, 2006). Because they were raised
immersed in technology, younger employees bring an entirely different skillset to the
workplace. In order for organizations to stay competitive, they must quickly learn how to
5

adapt to this new demographic to take advantage of their technical, natural-born talents.
This is especially true for companies in the industrial realm as younger people have
grown up using a different set of repetitive motions, have stronger visual memory
capabilities (Hershatter & Epstein, 2010), are tactile learning-based (Cairncross &
Buultjens, 2007), and are more experienced at memory retention and recall (Oyen &
Bebko, 1996) because of their familiarity with technology.
As knowledge transfer from Boomers to their much younger replacements (Kapp,
2007) and retention of Gamers (Sujansky, 2009) are two of the biggest obstacles facing
organizations today, it becomes critical that large organizations create an environment
that accommodates their incoming workforce. Accommodation means understanding the
differences between Gamers and Boomers and what those differences might mean for the
tools provided by the organization for all employees to perform their jobs. Tools can
come in many forms, including training, communication, knowledge transfer, and
scheduling.
2.2

Demographic shift in the workforce
The workplace is comprised of an ever changing, ever evolving demographic that

for the first time in the history of the modern workforce has employees from many
different generations working side by side and closely with people who are either as
young as their children or as old as their parents (Gursoy, Maier, & Chi, 2007). Multiple
generations had worked together in the past, but the dynamic was much different than it
is today. Members of different generations were previously separated from each other by
job description and organizational hierarchy. For example, middle-aged employees
tended to be in middle management and the younger generation employees were
6

elsewhere in the “line worker” levels of the organization (Gursoy, Maier, & Chi, 2007).
Contact with similarly aged employees was mostly at the peer level or only upwards one
level via the reporting manager (Kogan, 2001). Generational mixing was minimal and
protected by organizational protocol. Older, veteran employees made decisions and these
decisions were in turn communicated down to the younger employees (Gursoy, Maier, &
Chi, 2007). This older generation management style was based on the top-down,
bureaucratic approach (Hogan, Curphy, & Hogan, 1994) which describes how the leaders
at the top of the hierarchical paradigm were in direct control of all of the decisions and
people in the levels beneath them. This management archetype was derived from the
Industrial Age (Gronn, 2002). With this type of leadership and decision making model,
organizational success and failure could be explained by the older generation manager’s
attributes (Gursoy, Maier, & Chi, 2007).
What happens to the organizations operating under this Industrial Age decisionmaking hierarchy when the older employees, the Boomers, retire? DePass (2012) has
determined that 10,000 Boomers will reach the age of 65, retiring age, every day for the
next 20 years. His research goes on to identify that the United States isn’t alone. This is a
global epidemic affecting Europe, Japan (Halse & Mallinson, 2009), China (Kapp, 2007),
Australia (Solnet & Hood, 2008), and South Africa (Wessels & Steenkamp, 2009).
Furthermore, based on the argument presented here, one can presume that Boomers are
leaving the workplace en masse and they are taking with them decades of decision
making experience that will not easily be replaced by their successors.
One of the biggest, most difficult issues that has been facing organizations since
January, 2011—the date on which the oldest Boomers started turning 65 (Stone,
7

Schwartz, Broderick, & Deaton, 2010)—and will be through 2030 is the transfer of
knowledge from retirees to Gamers (Carstens & Beck, 2005) . This demographic shift is
happening quickly and at a time when organizations can ill afford to slow down long
enough for these younger employees to catch up. Kapp (2007) states: “Because of this,
the organizations that are successful at transferring their business acumen and years of
work-specific experience to the incoming Gamer generation will also be successful in
their industry and in out-lasting their competition. Those capable of this transfer will
experience benefits in productivity, quality, and profitability. Organizations that are
incapable of a successful knowledge transfer will experience dire results.”
Another substantial risk with just as important of an impact regarding an
organization’s stability during this demographic shift is employee retention and avoiding
unwanted turnover. Unless organizations are able to retain these new, young
professionals, they stand to risk losing billions of dollars on wasted employee training
and lost productivity (Sujansky, 2009). Training Gamer employees is critical but
retaining them is paramount to the future of organizational survival of this demographic
shift (Smith & Galbraith, 2012).
So what makes knowledge transfer and employee retention so much more
difficult during this demographic shift compared to previous shifts in the industrial
workforce? The difficulty lies, quite simply, in the extreme differences between the
employees leaving the workplace and those taking their place; i.e. Gamers versus
Boomers. Gamers entering the workplace, or in the process of establishing themselves in
it, have grown up in a vastly different world than the departing Boomers (Kapp, 2007). In
fact, research shows that the generation gap is largest and most significant between
8

Gamers and Boomers (Anantatmula & Shrivastav, 2012). Gamers differ from Boomers in
many ways: from their perception regarding the need to always be connected, to reporting
hierarchy preferences, to how they prefer to learn, and to the means in which they wish to
communicate with peers and authority figures alike. Where Boomers were digital
immigrants (Kapp, 2007), Gamers are digital natives (Prensky, 2006). Digital natives can
be expected to enter the digital age of the workforce with a significantly different, and
more advanced skillset that works well to evolve the organization in which they are
employed. Gamers have a different perception of life and work due to ideas that were
engrained into them through playing video games, constantly interacting with handheld
devices, and not being able to remember a time when they couldn’t surf the web to find
instant information for “Just-In-Time” learning (Kapp, 2007). This is why training and
retaining them is increasingly important to companies who wish to stay relevant in a
negative economy.
2.3

Different generations in the workplace
Generations and the members, or cohorts, contained within them are identified as

a group of people sharing the same birth years and the same significant life events at the
critical stages in their childhood and adolescent development (Kupperschmidt, 2000). Put
another way, generations are meaningful psychological variables that capture the culture
of its members’ upbringing during a specific time period (Twenge & Campbell, 2008). A
generational group includes those who share historical or social life experiences where
the effects of said experiences are somewhat stable over the course of their lives
(Westerman & Yamamura, 2007). There are dramatic differences between each
9

generation’s value sets; an employee’s work values are influenced more by generational
experiences than by age and maturation (Smola & Sutton, 2002).
Regarding generational cohort age, Figure 2.1 defines the boundaries for all
generations still present in the workforce of today. Figure 2.2 provides an outlook on the
actual and projected percentages of members of each generation in the workforce in 10year intervals (De Meuse & Mlodzik, 2010). Note that in the figure below, Matures are
often called the Builder generation, Generation Y represents the Gamer cohort, and
Generation Z represents the youngest of all cohorts which is following the Gamers and is
not expected to enter the workforce for another six to eight years.

Figure 2.1

Generational boundaries for the generations currently comprising the
workforce
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Figure 2.2

2.4

Actual/projected percentages of cohorts in the global workforce (De Meuse
& Mlodzik, 2010)

Key characteristics of the gamer generations
The current generation entering the workforce and replacing the Baby Boomers is

the Gamer Generation. This generation, the Gamers as they will be regarded for the
purposes of this study, is more widely known as Generation Y (Cairncross & Buultjens,
2007) or the Millennials (Berenson, 2005). A less flattering yet often accurate description
based on how this cohort is raised by “helicopter” parents (Black, 2010) is the name
Trophy Generation because everyone gets a trophy regardless of effort or result (Tulgan,
2009). Based on the definitions of these generational type casts and including the
consideration of when the technology that influenced Gamers the most came into
existence, the boundary years in which a member of the Gamer Generation was born are
between 1979 and 2000.
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Gamers have a number of key characteristics but perhaps the most notable is the
nomination by Solnet et al (2008) that their generation is the first to be considered selfactualized based on the Maslow’s Hierarchy of Needs (Figure 2.3). Maslow (1970) states
that higher order needs only come into focus for individuals when lower order needs are
satisfied. Unlike previous generations, some researchers believe that Gamers are entering
the workforce at self-actualization levels because of their desire to bring creativity to
work, to problem solve, and to find meaning in what they do (Espinoza, Ukleja, & Rusch,
2010). All other esteem, love, safety, and physiological needs have already been met. It
should be noted that this self-actualized state by the Gamer generation is specific to their
desire upon entrance into the workforce and not necessarily applicable to their overall
need when taking all components of their lives into consideration.
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Figure 2.3

Maslow's Hierarchy of Needs (Simons, Irwin, & Drinnien, 1987)

Maslow originally developed his hierarchy of needs model to explain individual
motivation but Espinoza et al. (2010) found the concept useful in explaining differences
about the generations and their “orientations toward the workplace.” Their findings go on
to explain that, due to societal change, the four generations in the workplace today
entered their work lives at different places on Maslow’s hierarchy. Espinoza et al. (2010)
goes further to detail where each generation was at the start of their careers in terms of
need:


The Builders began their working careers at the safety level due to
growing up in less prosperous times where a paycheck was all that was
needed to motivate someone (Espinoza, Ukleja, & Rusch, 2010).
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The Baby Boomers entered at the love and belonging level because of
post-war prosperity where they believed patience and serving their time
would lead to prosperity (Espinoza, Ukleja, & Rusch, 2010).



Gen-Xers started at the esteem level due to being born into a time when
the economy was even stronger than with the Boomers; meritocracy
provided their need for belonging and so they often struggle with esteem
and confidence issues (Espinoza, Ukleja, & Rusch, 2010).



Gamers are entering the workplace at self-actualization levels because of
their desire to bring creativity to work, to problem solve, and to find
meaning in what they do (Espinoza, Ukleja, & Rusch, 2010).

If self-actualization needs are the driving factors behind what motivates Gamers
and fulfills them, it can be inferred that a lack of self-actualization is what may lead
young employees to be unfulfilled, causing them to leave their job and look elsewhere.
Interviews of members of the Gamer generation by Twenge and Campbell (2008)
revealed that Gamers believe they should be both proud of and fulfilled by their jobs. Job
positions that prevent Gamers from achieving their self-actualization needs are ones that
won’t be held by Gamers very long.
The ability to be self-actualized largely starts with the fact that Gamers are
“digital natives” (Kapp, 2007) meaning that they have grown up immersed in technology.
Gamers, for the most part, have always been able to access information immediately via
the Internet and socialize themselves to the world using social media making them an
instant gratification generation (Cairncross & Buultjens, 2007). They are also a
generation that is more comfortable in a virtual world (Eisner, 2005) yet are still
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considered more social—all be it on a more superficial social basis given their invention
of and ties to online social media—than previous generations (Hansen, 2008). This comes
at a price, however, given that growing up in a virtual world causes them to have a lack
of social graces (Anantatmula & Shrivastav, 2012) and soft skills such as listening,
communication, and independent thinking (Eisner, 2005). Other challenges that Gamers
may face as they traverse into the work space is their lack of respect for authority and
overconfidence (Cairncross & Buultjens, 2007) as well as their strong narcissistic
tendencies (Twenge & Campbell, 2003). Despite these negative character depictions,
Gamers are often eager to learn and prefer to be matched with challenging work that
pushes them (Eisner, 2005). This same desire to feel challenged is also the same reason
Gamers have garnered the “here today, gone tomorrow” reputation (Gursoy, Maier, &
Chi, 2007) meaning that they are more likely to keep their career options open if their
requirements aren’t met despite their aspirations to remain at a single organization
(Hershatter & Epstein, 2010).
All of the many dozens of characteristics specific to Gamers aside, the reality is
that this youngest generation in the workplace has a new belief system that is unique to
them. Out of all of the research performed for this study, the following four beliefs
summarize the mentality of the Gamer Generation.
2.4.1

Principle 1: The world is an equal yet competitive place and needs a hero
Children of the Gamer generation grew up with what psychologists call “positive

tolerance” (Tulgan, 2009) which means that differences of any kind are acceptable.
Uniqueness is the centerpiece of identity as long as it’s also understood that regardless of
said differences, everyone is made equal and everyone is worth an equal amount. Despite
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the equality and the expected distribution of “trophies” for minimal effort, Gamers
understand that said trophies, or rewards, typically aren’t equal in value. Video games
have taught them this including that winning (getting there first, achieving the goal,
getting the highest score) does certainly matter (Carstens & Beck, 2005). Carstens and
Beck (2005) go on to state that Gamers recognize the need to stand out is important as
being the “hero” is crucial to success. So in essence, “everyone is equal, rewards are not;
someone is expected to win so it might as well be me.”
2.4.2

Principle 2: Trial and error leads to victory
Regardless of validity, one of the biggest lessons that video games and mobile

technology instill into younger users is that instead of trying to seek one answer to a
problem or conflict, Gamers should try as many “solutions” as possible and see what
happens as a result. Based on this theory, there are many potential paths to resolution.
Gamers understand that victory is always possible because the software designer
wouldn’t have made the game or application without a solution. Also, because the cost of
failure in a game or with an “app” is of little to no consequence based on the task, all that
is required of the user is to merely start over and try again (Carstens & Beck, 2005). This
same perception that failure comes with little to no expense may have originated in a
virtual world but is carried over into the real one.
2.4.3

Principle 3: Self-directed learning is best
Gamers don’t think like previous generations and are largely seen as self-

educating due to their introduction to the Internet at a young age and the ability to use
search engines to find exactly what they want, when they want it. This creates the Just-In16

Time method of learning that they expect because it places what they want to know at
their fingertips in as little or as much quantities as they specify. Regarding data quantity,
Gamers prefer to consume very small bits of information, the bare minimum of material
required for them to complete a task just before the skill is needed (Beck & Wade, 2004).
Learning in small bits seems to build upon Thompson’s (2007) neurological
studies that indicate Gamers are less able to remember simple information than older
generations. While this is certainly a negative trait it is also shown to come with benefits
as identified by Siemens’ (2005) theory of Connectivism which states that Gamers make
up for this cognitive flaw by being significantly better at forming connections and
evaluating information to create knowledge than any generation before them. Hence,
learning via small chunks of information allows them to process how that information
might connect to other chunks, thus drawing conclusions that might not have otherwise
been identified had learning occurred over a vast amount of information.
Taking all of these learning preferences into account, the way the Gamer
generation learns has been called “mediated immersion” and is characterized by this great
influence of media usage combined with more collective sharing and learning (Oblinger
& Oblinger, 2005).
2.4.4

Principle 4: Learn from peers; distrust authoritative figures
Given that over 50% of the Gamer generation over-values their skillset (Beck &

Wade, 2004) and that they’ve been advised by their parents to be wary of those in
management, there is certainly a lack of a trust component on the part of Gamers for their
managers and other authoritative figures. Also, considering that peers, fellow Gamers,
were the teachers who taught Gamers to achieve success in the virtual world a cohort was
17

quickly created where, instead of relying on one’s parents for advice and guidance,
Gamers turned to their friends for help. This engrained the concept in their brains that
peers are to be trusted and utilized whereas authoritative figures don’t understand the
concepts of the new world enough to be of any benefit (Beck & Wade, 2004).
2.4.5

Unique skillsets gamers bring to the workforce
Research suggests that a physiological difference exists between the brains of

“digital natives” (Prensky, 2006) and adults from previous generations. Specifically,
research identifies that early exposure of infants and young children to various stimuli
can affect neurological development along with the evolution of neural networks.
Children reared well immersed in media- and technology-rich environments tend to think
and learn differently because they are, in fact, physiologically different from those
teaching them (Fausto-Sterling, 2000). Additional research affirms these findings
believing that the human brain’s digital input has “rewired” it, allowing the brain to
respond faster, sift out information, and recall less (Woods, 2006).
A study performed in 2003 exposed that Gamers could consume the equivalent of
31 hours of media and data via multiple mediums within a 24 hour period (Weiss, 2003).
Gamers possess a natural multitasking technique to ingest nearly 30% more data and
information in the same period of time as their Generation X and Boomer counterparts.
But multitasking is a controversial concept given that the human brain performs tasks by
a single-threaded means and not in a multi-threaded way that the term multitasking
implies. Adler and Benbunan-Fich (2012) explain that multitasking is often used to
explain the function that cognitive switching performs (i.e. the resources consumed by
the brain when changing from one task to another). In Gamers, the amount of time
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needed to perform a cognitive switch is less because they have been trained by games to
routinize tasks that Boomers or other generations would typically have to think about.
Being immersed in data has forced Gamers to learn how to perform rapid task switching
(Beck & Wade, 2004) thus giving the appearance of being more effective at completing
multiple tasks at once.
The answer to the question of where this ability and all the other advantages that
are derived from being a digital native (Prensky, 2006) came from is something that
people in the world of academia considered as far back as 1984 when UCLA Professor
Greenfield established that as a result of video game play, members of the Gamer
generation showed improved cognitive skills in such areas as visualization and mental
maps (Greenfield, 1984). Another UCLA finding from neuroscientist Gary Small
confirmed Greenfield’s findings stating that Gamers are more effective in some areas like
responding to visual stimulation, multitasking, and filtering information. Gamers are less
adept, however, in face-to-face interaction and deciphering non-verbal cues. Small states
that these advantages and disadvantages are derived from actual changes in the neural
circuitry that developed through the acquisition and repetition of technology-based skills.
He states that there are notable differences in brain functions among the different
generations; a difference called the “brain gap”. Small goes on to conclude that these
neural pathways can be developed later in life by non-Gamers but there is a marked
neurological difference that exists between embracing the latest technologies and
embodying them (Hershatter & Epstein, 2010).
While it has been discussed that Gamers are visual learners, research has also
shown them to be kinesthetic learners as well (Manuel, 2002). Kinesthetic learning, also
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known as tactile learning, is a learning style identified by Leite et al. (2009) in that
“learning takes place by the student (or employee in this case) carrying out a physical
activity rather than listening to a lecture or watching a demonstration.”
2.4.6

Key technologies that aided in the development of gamer characteristics
To understand the benefits of playing video games on a younger mind, it’s

important to first understand why children, or people of any age for that matter, choose to
play games over other forms of escapist entertainment like television and reading.
According to a report by Johnson (2005), the answer lies with the neurotransmitter
dopamine.
Playing games triggers a dopamine release into the brain; dopamine plays an
instrumental role in the way the brain handles reward and exploration, two key elements
in most video games. Neuroscience predicted that if a system is created in which rewards
are clearly defined and achieved by exploring an environment, human brains will be
drawn to those systems (Johnson, 2005) even if they are comprised of virtual characters
and simulated environments.
Research conducted in 1996 found that video games improved visual memory in
children as young as four (Oyen & Bebko, 1996). The study performed by Oyen and
Bebko (1996) is based on a hypothesis formed over two decades earlier that stated
children in early infancy and preschool years do not use memory routines such as recall
and retention as independent processes. Rather recall and retention are integral to certain
activities and are involuntary. Only at a later age do these memory processes become
cognitive, purposeful, and voluntary (Istomina, 1975). The goal of the study by Oyen and
Bebko (1996) is to prove that video games did in fact contain those “certain activities”
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that initiated recall and retention to occur in preschoolers. In their research, they found
that video games maintain children’s interest and motivation to continuing playing. This
in turn leads to increased engagement and facilitates more active learning. They go on to
prove that the motive of playing video games is assumed to make the goal of the game
more relevant. This in turn triggers more active efforts to use recall and retention, training
the preschoolers to use these skills voluntarily instead of involuntarily at an earlier age
(Oyen & Bebko, 1996).
Computer applications, most specifically games and the Internet are designed
such that the balance of required information-processing is shifted from verbal to visual.
This new skillset specifically enhances the cognitive abilities dealing with visual
intelligence such as spatial representation, iconic recognition, and visual attention. These
are the same skills required to successfully navigate video games and many other
computer applications (Subrahmanyam, Greenfield, Kraut, & Gross, 2001). Johnson
(2005) notes that these skills, learned in a virtual world, do in fact directly translate into
the real world.
Video games are the key technology that helped develop the Gamers into the selfactualized generational cohort that they are today but all interactive technology is
relevant in this discussion. The personal computer started the phenomenon as it
introduced a faster computing capability, became one of the first gaming platforms, and
brought the Internet into homes. The Internet, while not necessarily equal in influence to
that of the video game, is a very important factor. Just-in-Time learning wouldn’t be
possible without it; neither would the ease of global communication. The combination of
all technologies into single platforms that can be hosted via family-centric media
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consoles or individual smart devices has furthered, and even quickened the development
of these generational characteristics. It will be even more interesting to see how
Generation Z, the successors of the Gamers, develops based on these technological
advances.
2.5

Gamers versus boomers
The present shift in workforce demographics is seeing Baby Boomer-aged retirees

being replaced by employees aged 34 years and younger who think, learn, believe,
respond, and work far differently than the retirees ever did. The differences between
generations are notable throughout their entire life cycle but the differences are really
visible at the age when they graduated (from college in this case) and entered the
workforce as shown in Table 2.1. The most notable shift is the change from Boomers
being middle-class Caucasian males to Gamers being mostly diverse women of all races,
ages, and financial status.
Table 2.1

Demographic comparison of Boomers and Gamers in college and entering
the workforce (Black, 2010)

Baby Boomers
Caucasian
Majority were men
Full-time college enrollment
Aged 18-22
Graduated in four years
Abled
Presumed heterosexual
Native-born to Unites States
Middle-class

Gamers
All races and ethnicities
Majority are women
Growing part-time college enrollment
Ages 18 and older
Graduated in six years or more
Abled and disabled
All sexual orientations
Increasing number of immigrants
Increasingly diverse culture, economic, and
geographic backgrounds
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Another interesting point of reference in characteristics of the then Boomers and
now Gamers is when they made their transition from college to the working world and
the positives and negatives each introduced into the workplace. One of the bigger
characteristic distinctions to note is how each generation viewed itself contrasted with the
amount of skill each brought to the workplace (as shown in Table 2.2). For example,
Boomers are unsure of themselves and their abilities, however, they are more prepared
for the work environment that they are entering. Gamers on the other hand are assertive
and confident yet lack the basic skills needed to immediately be successful in their work
environment. This has less to do with academic skills and more to do with the soft skills
that are lost on Gamers due to their reliance on technology to communicate.
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Table 2.2

Characteristics of Boomers and Gamers as they left college and entered the
workplace (Black, 2010)

Baby Boomers
Politically more liberal
General learning orientation
Family / self-financed
Academically prepared
Competitive
Worked and studied alone
Lack of experience with diversity
Unsure of self
Low debt after college
Friendships bound by proximity
Idealist, any problem can be
solved
Rejection of organized religion
Took responsibility for self

Gamers
Politically more conservative or independent
Vocational / career orientation
Government / family / self-financed
Lacking basic skills
Collaborative
Group work, team work
Acceptance of diversity, more tolerant
Assertive and confident
High debt and defaults on loans after college
Friendships not bound by geographical limits
Cynical, aware of global warning and other world
issues but still hopeful
Growing importance of spirituality and religion
Growth of helicopter parents who hover and assume
responsibility for college-age children
Acceptance of institutional
More demanding consumers with customer
structure
expectations of immediate service
Feared that their leaders would be Fear that their friends will be assassinated*
assassinated*
A privilege to attend college
An expectation to attend college; entitlement
Family stability
Family instability
Physically fit
Growing problem of obesity
Rejection of values of parents and Sharing values of parents and society
society
Mentally healthy
Less mentally healthy
Dependent upon note-taking
Dependent on technology
Note: *(Espinoza, Ukleja, & Rusch, 2010)
Some of the key differences in the belief principles found in Boomers and Gamers
in the workplace include a perceived set of boundaries required by the Boomers while the
Gamers tend to operate without clearly defined boundaries as is highlighted in how they
spend, train, communicate, and lead. Table 2.3 identifies the most significant difference
between Boomers and Gamers is how they learn. The reliance on auditory learning for
Boomers is replaced by visual and tactile learning for Gamers.
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Table 2.3

Differences in belief principles between Boomers and Gamers currently in
the workforce (Cairncross & Buultjens, 2007)

Principles
Values
Motivations
Decision Making
Earning &
Spending
Learning Styles
Marketing &
Communication
Training
Environment
Management &
Leadership

Baby Boomers

Gamers

Some absolutes, variety, freedom
Individuality, achievement,
relatable
Experts, information, brandswitchers
Confident investors, mediumterm goals, credit-savvy
Auditory / visual, analysisfocused, dialogue
Descriptive, direct, below the line

Few absolutes, lifestyle, fun
Own-community, selfdiscovery, relational
Friends, anecdotes, little brand
loyalty
Uncertain-spenders, short-term
wants, credit-dependent
Visual / kinesthetic, narrative /
metaphors, multi-sensory
Participative, viral, through their
friends
Unstructured, spontaneous,
interactive
Consensus, creativity, feelers

Round-table style, planned,
relaxed ambience
Cooperation, competency, doers

Boomers and Gamers have differing perceptions pertaining to different aspects of
an organization and, most specifically, the technology component and how it relates to
the workplace. The dependency on technology by Gamers at the workplace is an obvious
difference that will make training them difficult especially for a generation like the Baby
Boomers who perceive technology as more of a “nice to have” as opposed to a “way of
life”. Table 2.4 is the most crucial comparison of Gamers and Boomers as it identifies the
differences in how the two cohorts approach training, work tasks, and work tools. The
distinction between Gamers as digital natives and Boomers as digital immigrants due to
their concern for technology (Gursoy, Maier, and Chi, 2007) has been previously
discussed yet it is the most important distinction. Gamers’ reliance on search engines
putting needed information within quick grasp has made the structured learning approach
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of concentration-heavy reading undesirable. Informal communication is needed in order
to continue a Gamer’s desire to multitask. Face-to-face conversation reduces the number
of functions that can be performed at once. Gamers are even particular about their data
given their preference to process information on their own terms; their terms often being
as much information in a single view as possible which is generally overwhelming for the
older generations. Any tasks that take more time are viewed as impedance to a Gamer’s
instinctive desire to rise to the top as quickly as possible (Kapp, 2007).
Table 2.4

Differing technology-based perceptions of Boomers and Gamers (Kapp,
2007)

Perceptions
Knowledge
Organizational
Structure
Communication
Channels
Software
Applications
Career
Advancement
Learning
Environment
Gadgets
Video Games
Information
Processing
Technology
Comfort Level

Baby Boomers

Gamers

Structured (books, memos,
standard operating procedures)
Hierarchical team-based structure

Unstructured (instant messaging,
blog, e-mail)
Level playing field, equality

Formal (face-to-face, telephone
calls)
Interface and information are
separate
Patient ascent

Informal (instant messaging, email, text messages)
Information is the interface

Classroom

E-learning

Fun to have, unnecessary
Distraction, entertainment, waste
of time
Linear

Essential
Way of life

Digital immigrant

Digital native
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Impatient rapid ascent

Multitasking (perceived)

2.6

Impact of gamers on the design of work tasks and devices
Just as Boomers had misconceptions regarding members of the Generation X

cohort, Gamers will have to overcome a similar set of misconceptions from older peers
and authoritative figures in the workplace. Also, in order for an organization to truly
understand and take advantage of what makes the Gamer generation unique, they must
first identify their perceptions of Gamers and determine if so called prevalent traits
associated with this youngest cohort in the workplace are misconceptions or realities.
2.6.1

Perception 1: Lazy group of slackers
Technology is often attributed to the perceived laziness of the Gamer generation

due to the ability to discovery and utilize shortcuts in order to achieve tasks (Hansen,
2008). With the answers always seemingly at their fingertips, older generations believe
that Gamers are only as useful as the knowledge that they can find within the first few
minutes of looking and that they struggle when real work must be done to accomplish a
task. Based on research performed by the Kenexa Research Institute, the reality isn’t
quite as black and white. Upon analysis of the different generations, they found that the
attitudes of Gamers towards work are very similar to those of the preceding Boomers and
Gen-Xers. In fact, because Gamers are the generation largely born to the Boomers, a
generation known for its emphasis on hard work, Kenexa’s research shows that Gamers
are highly likely to turn out better than their predecessors when they are the same age
(Kingsun, 2011). Beck and Wade (2004) have done significant research on Gamers and
they performed an extensive survey of this youngest cohort. Their findings, that Gamers
prefer their pay and bonuses to be based on actual performance rather than a set salary,
indicate quite the opposite of a lazy, slacker mentality. Based on these survey results, this
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means that Gamers understand their personal success depends on adding value to the
enterprise, something that cannot be achieved while exhibiting lazy characteristics (Beck
& Wade, 2004).
2.6.2

Perception 2: Lacking in concentration
Similar to Perception 1, this observation is often attributed to the over indulgence

of too much technology which has not only allowed the Gamer generation to multitask
but has in fact encouraged it (Hansen, 2008). For older generations in the workforce,
doing two or more tasks at once can be perceived as being disrespectful. This implies that
the person performing the tasks isn’t that serious about any of them (Beck & Wade,
2004). Regardless, a new worldwide technology environment has been created where
new devices allow the integration, and saturation to some extent, of multiple tasks
through usage of these tools. There are clear increases in the number of multitasked task
combinations from the older generations to the Gamers. Carrier et al. (2009) found that
the increase of multitasking from one generation to the next (i.e. from Boomer to GenXer to Gamer) is statistically significant there by proving what many organizations
already suspect: the youngest generation in the workplace does in fact multitask more
than any other generation. Their research goes on to conclude that, regardless of
generation, the patterns of choices of which tasks to combine for multitasking are
extremely similar; meaning that both Boomers and Gamers would chose the same tasks
to perform simultaneously. This is significant when one considers that their research
identified that Gamers find it easier than previous generations to multitask and that the
task combinations are less likely to be difficult (Carrier, Cheever, Rosen, Benitez, &
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Chang, 2009). Based on this information, it could be concluded that, not only are Gamers
multitasking more, they are better at it.
Jeong and Fishbein (2007) proposed the concept of a cognitive load where tasks
place a “load” on general cognitive resources for multitasking. Different tasks have
different load weights depending on the characteristics of the task. Because each task is
mentally weighted, and some tasks have lower impacts than others, they propose that
certain task combinations are more frequently used than others (Jeong & Fishbein, 2007)
which would explain why Carrier et al. (2009) found that all generations, when they do
multitask, they tend to lean toward the same combinations of tasks. Jeong and Fishbein
(2007) further explain that because Gamers multitask more and find multitasking to be
easier that, from a cognitive load perspective, it could be argued that Gamers have a
larger source of general cognitive resources for multitasking than other generations.
Gamers, however, have been trained by games to multitask more easily by
routinizing tasks that Boomers or other generations would typically have to think about.
Being immersed in data has forced Gamers to perform rapid task switching (Beck &
Wade, 2004). Beck and Wade (2004) provide additional details that the prefrontal lobe
needs to focus exclusively on unaccustomed activity. They use the example of driving
and how, as it becomes more routine, driving activities will be loaded into deeper
structures of the brain which frees up the cortex for those new and unaccustomed
activities. After hundreds of hours of playing games, Gamers are trained to hold multiple
elements (i.e. movements and sprites on the screen) in their brain at the same time (Beck
& Wade, 2004). They can wholly concentrate on one activity while using their task
routinizing to keep track of all the other activities that they will, at some point, have to
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pay attention to again and in more detail. This alludes back to the research performed by
UCLA Professor Greenfield where he established that the Gamer generation showed
improved visualization skills (Greenfield, 1984). This enhanced visualization cognitive
capacity appears to directly influence a Gamer’s ability to use less mental resources when
switching from back-of-mind tasks to front-of-mind tasks making this skillset one of the
most important to gamers (Beck & Wade, 2004).
2.6.3

Perception 3: Poor communication skills
Hansen (2008) believes that Gamers are some of the more social of any

generation before them but as Eisner (2005) points out, they can lack the soft skills
required of them in a work environment. Just as with this current work demographic
dynamic, “communication modalities” have posed problems between generations in the
past. Boomers value face-to-face communication and have no resolve for leaving their
desk, walking over to a colleague located in another office location to ask questions.
Gamers, on the other hand, favor instant messaging, text messaging, and emails. Many
are most comfortable with digital messages and prefer the ease provided with this form of
communication as opposed to having a face-to-face conversation or picking up the
telephone (Glass, 2007). Glass (2007) explains that the Gamers’ comfort with digital
communications can lead to workplace conflicts when management feels that the sharing
of bad news warrants more than an email. Problems can also arise when younger workers
aren’t developing more personal relationships with colleagues, managers, direct reports,
and clients all because they have little interest in conversing with them face-to-face
(Glass, 2007). The difference from this generation and those that preceded it is that
interaction is through a digital medium teaching Gamers to be more comfortable when
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communicating with someone else through a device of some kind (be it a game console, a
computer, or a mobile handheld device). The key for organizations is to realize and
accept that the youngest cohort in the workplace communicates very well; they just do it
differently through new techniques (Hansen, 2008). This high level of social-ability
doesn’t excuse Gamers from their lack of soft skills, however, and so organizations must
utilize new communication techniques to train younger employees on the importance of
the old techniques.
2.6.4

Perception 4: Weaker work ethic
Boomers and Gen-Xers often believe that Gamers do not work as hard or long as

they do because they aren’t “punching the clock” and working a standardized 8:00 AM to
5:00 PM work day (Glass, 2007). The majority of this perception is derived from the
shifting workplace dynamic that is taking place due to advancements in communication
technology and the speed in which data transfer can occur. This shifting dynamic
includes the popularity of organizations to allow remote locations, telecommuting, and
having virtual offices (Glass, 2007). The reality is that the Gamer generation is the most
educated workforce and because of their high education level, Gamers desire work that
has meaning. Because they are seeking a greater fulfillment, they are only willing to work
hard at jobs that provide them that sense of importance (Hansen, 2008). Also, the
stereotype of Gamers possessing a weaker work ethic is not supported by the data (as
measured by numbers of hours worked and work patterns) (Deal, Altman, & Rogelberg,
2010). The Family and Work Institute (2005) found that workers overall, meaning all
generations in the workforce today, are working longer hours than in the past. There are
no differences between the hours worked by Gamers and Gen-Xers at the same age. They
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also found that as of 2002, Gen-Xers were working more hours than were Boomers at the
same age in 1977 (Families and Work Institute, 2005). Based on this logic, if Gamers and
Gen-Xers are working the same number of hours and Gen-Xers are working more hours
than Boomers did, then one could conclude that Gamers are in fact working longer hours
than Boomers and, overall, do not have a weaker work ethic.
2.6.5

Additional workplace task and tools implications
Referring back to the need to conduct self-directed learning, Gamers are not

focused on books and reading (Kapp, 2007). In the interviews of Gamers performed by
Beck and Wade (2004), they found that while some participates would be willing to read
small manuals, any form of written instruction perceived to be long and tedious would be
ignored. In its place, Gamers would resort to Internet searches in order to find the
information. Further still, many Gamers said that they would resort to another principle,
trial and error, before taking the time to read a lengthy instruction set (Beck & Wade,
2004). Supporting this information is a study that found because of the availability of
visual media, Gamers text literacy may be less well developed than previous cohorts
(Milliron, 2008). In her study, Milliron (2008) goes on to say that college graduates from
the Gamer generation will lack the functional skills historically associated with a
bachelor’s degree. Since most Gamers do not have “active reading habits,” even when
reading does occur, the quality of the reading is generally less focused. Reading and
focus are vital aspects of learning and highly correlated with professional success
(Milliron, 2008). Furthermore, Gamers are known to be more comfortable in “imagerich” environments than those comprised of text. They will refuse to read large amounts
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of text and prefer to do things in order to learn, as opposed to only just thinking, listening,
and talking about things (Wessels & Steenkamp, 2009).
2.7

Leveraging gamers’ characteristics into tool design
Managers who aren’t members of the Gamer cohort yet work in organizations

experiencing this demographic shift may not be overly pleased with the information
presented in this study about their future workforce. However, excited or otherwise,
management that are capable of capitalizing on Gamer differences and incorporating their
younger employees more quickly into an organization may add much needed relevance in
a struggling economy.
2.7.1

Recommendation 1: Access to technology
Due to their desire to be creative, solve problems, and their pursuit of factual data,

Gamers are more likely to be aware of the need for constant skill development and
updating their technology toolkit (Westerman & Yamamura, 2007). Halse and Mallison
(2009) validate this point when they identify that Gamer’s thinking is shaped and defined
through learning in the form of new technologies. In this case, their technology toolkit
equates to modern technology allowing Gamers to show their creativity and productivity
aiding them in solving problems quickly. Studies performed on the Gamer generation
have stressed the importance of placing quick access to data and gadgets into the
workplace as Gamers are attracted to modern technology (Cairncross & Buultjens, 2007).
Cairncross and Buultjens (2007) go on to say that the innovative companies that
implement modern technology into their organization benefit from lower turnover and
higher morale from their youngest cohort employees.
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Kapp (2007) stresses the importance on organizations finding methods for faster
deployment of instruction stating that these tools, the ones needed to bridge the gap
between archaic learning methods and how Gamers learn best, already exist today via the
modern technology used in employees’ lives outside of work. Blackburn (2011) backs
this research explaining that Gamers are bringing technology from their personal lives
and using it as solutions to their needs in the workplace. Gamers not only want to learn
using their consumer-based technology solutions, but, in fact, they must. Some consider
that Gamers are often incapable of traditional learning (Kapp, 2007). Their minds and
learning habits have been altered too greatly by technology to adhere to old standards and
expectations placed on them by perceivably antiquated corporate architecture.
The message here is one that exemplifies the purpose of this research: that
Gamers grew up differently, they think differently, and that modern consumer technology
works toward and takes advantage of their skillset, be it communication, learning, or
problem solving. With the groundwork already completed by the consumer industry, the
industrial, retail, and service-based industries would be well served to model said
groundwork as their technological approach to innovation in training or knowledge
transfer. Rogers (2003) defines an innovation as “… an idea, practice or object that is
perceived as new by an individual or other unit of adoption.” This innovation will likely
be new to the organization but it doesn’t have to be new to the Gamers who will be using
it. In fact, the Gamer will likely know how to use this technical innovation before the
organization ever thinks to incorporate it into their toolset. In this sense, the tool itself has
created the need (Blackburn, 2011) as opposed to the other way around where needs first
beget the tools. Rogers (2003) goes on to define technology as “… a design for
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instrumental action that reduces the uncertainty in the cause-effect relationships involved
in achieving a desired outcome. A technology innovation usually has at least some degree
of benefit for its potential adopters.” In instances of adoption, Gamers typically take the
role as change agents for the organization (Blackburn, 2011).
2.7.2

Recommendation 2: Task and learning structure
In order to train and retain Gamers, the work-related material and information

must come quickly in small bits as the users demand it while they perform hands on trial
and error (Kapp, 2007). These training characteristics may sound awfully similar to what
is experienced by a person playing a video game or using a smartphone, but it’s also the
new real world in business and industry. A change has occurred in the dynamic of
learning as it compares to a person’s age. Learning used to be something that people did
less and less as they got older. Now, due to necessity, learning must be continual and
ongoing and is embedded into how Gamers want to work (Halse & Mallinson, 2009).
Regarding innovation, including new technology in the workplace to facilitate
learning and knowledge transfer (Wessels & Steenkamp, 2009), and retaining Gamers
themselves, there are a number of ways for organizations to take advantage of the
skillsets presented by the youngest cohort. One such method is the two-way mentorship.
The two-way mentorship is a means to aid in overcoming the knowledge gap between the
Gamers and Boomers, to facilitate the inevitable transfer of knowledge, and to avoid
employee retention woes that result from poor information hand-off structures. Bringing
new technology to the workplace will distress Boomers but it will provide the mechanism
Gamers need to effectively learn (Beck & Wade, 2004). As Gamers learn organizationspecific information that they need to perform their job function and adequately replace
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the retirees, they should be paired with a Boomer to help them learn whatever technical
innovation of which the Gamer is already well experienced. At the same time, the
Boomer should impart work experience via informal training including the soft skills that
Gamers are often missing (Eisner, 2005). Gamers aren’t likely to need the traditional
social skills when interfacing within their own cohort but these skills are still appreciated
by older generations (Beck & Wade, 2004).
Regarding structure, Gamers need to feel creative but not at the expense of highlevel direction and defined tasks. For a cohort that has expended hundreds of thousands
of hours spending their free time adhering to the carefully defined guidelines introduced
by games and technology in general, structure is expected especially with tasks that have
end goals and team social dynamics. Work projects are good examples that contain equal
parts goals and social components. Gamers value performance and so they will bond with
their teammates over project successes no matter how insignificant the win (Beck &
Wade, 2004). The desire brought about in the neurotransmitter dopamine by games to
search, discover, and reward (Johnson, 2005) is just as prevalent in the working world via
projects and corporate goals as it is in the virtual world where many of the Gamers were
raised.
Lastly, another significant change in learning outlined by Halse and Mallison
(2009) explains that informal learning has become more prevalent and important. The
majority of learning is no longer formal but occurs through trial-and-error completion of
tasks, personal networks, and via communities of practice which also speaks to the
importance of two-way mentorships (Halse & Mallinson, 2009). The idea isn’t to turn the
workplace into a video game. However, through incorporating some of the same
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guidelines and technologies found in the personal lives of the Gamers, the same levels of
problem solving and creativity will be instilled into the organizational environment
allowing for a more productive level of knowledge transfer and a greater opportunity for
employee retention.
2.8

Conclusions
A significant shift in the demographics of the global workplace is currently in process

(Carstens & Beck, 2005). Entering the workforce is a new generation of workers aged 34 years
and younger that think, learn, believe, respond, and work far differently than the retirees ever did.
This younger demographic has never known a time when there wasn’t technology; this distinction
makes them “digital natives” (Prensky, 2006). In order for large, global organizations to stay
competitive, they must quickly learn how to adapt to this new demographic including how to take
advantage of their technical, natural-born talents. This is especially true for companies in the
industrial realm as younger people have grown up using a different set of repetitive motions, have
stronger visual memory capabilities (Hershatter & Epstein, 2010), are tactile learning-based
(Cairncross & Buultjens, 2007), and are more experienced at memory retention and recall (Oyen
& Bebko, 1996) because of their familiarity with technology. Accommodating these new skillsets
means understanding the differences between younger and older employees and what those
differences might mean for the tools provided by organizations for all employees to perform their
jobs. Tools can come in many forms: training, communication, knowledge transfer, scheduling,
etc. and all will need to experience radical changes in order to remain relevant in the working
world of today.
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CHAPTER III
TOUCHSCREEN VERSUS KEYPAD: RUGGEDIZED HANDHELD DEVICE INPUT
EFFECTIVENESS BY GENERATION

3.1

Introduction
Starting on January 1, 2011, the largest generation in the workforce, the Baby

Boomers, began retiring (or, at a minimum, reaching retirement age) at a rate of 10,000
per day. The Baby Boomers, or Boomers, will continue exiting the workplace at this pace
for the next 20 years (DePass, 2012). During this large demographic shift, these retirees
are being replaced by members of the Gamer Generation, someone 35 years of age or
younger (Carstens & Beck, 2005). The two largest issues facing organizations today as
they traverse this demographic shift are employee retention (Sujansky, 2009) and
knowledge transfer (Kapp, 2007). However, both issues can be remediated through the
adoption of modern technology. Innovative companies implementing modern technology
into their organization benefit from lower turnover and higher morale in their youngest
employee cohort, the Gamer Generation, or Gamers (Cairncross and Buultjens, 2007).
Also, Gamers learn best via the modern technology used in their lives outside of work
(Kapp, 2007) as they are known to bring in their preferred consumer-based tools to
service as workplace solutions (Blackburn, 2011).
Recognizing the need for newer, consumer-based technology may be fairly
simplistic in nature but incorporating the use of new, unfamiliar technology into the
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culture of an organization can be very complicated, difficult, and time consuming
especially when the organization is very mature (Schein, 1999). However, organizations
can ill afford not to learn, adapt, and adjust to new technology in order to survive given
how the external environment is changing ever more swiftly (Shih & Allen, 2007).
Differences rising out of the use of technology—as well as the younger generations that
prefer to use them—should not be underestimated due to the significant influence on
communication methods and the mediums in which “work” actually gets completed
(Anantatmula & Shrivastav, 2012). Tulgen (2009) says not to fight the desire of the
Gamers to have the latest and greatest technology in the workplace for they are already
adept at using it and they represent the future workforce.
3.2

Current and upcoming ruggedized handheld technology in the workplace
Many of the tools used today by industrial, retail, and service-based organizations

are ruggedized handheld device solutions. These rugged devices are mobile computers
that often times perform scanning, data entry, and wireless transition functions. They are
used anywhere from retail itemizing and checkout, to on-road communication and
delivery, to inventory management and tracking, all within locations that have certain
environmental requirements or restrictions. Ruggedized computer devices are specifically
designed to operate properly in damaging, punishing environments such as extreme
temperatures (typically between -20°F and 140°F), dusty and dirty environments, and wet
conditions that can range from high moisture and humidity to bad weather events to
complete submersion under water. Also included in the requirements of a ruggedized
device is the ability to withstand a series of shocks and drops (typically of 4 to 6 feet in
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height). Key component expectations and device ratings determine how the devices are
designed and whether or not a handheld mobile computer is deemed rugged.
3.2.1

Data entry and physical keypads
Large organizations typically purchase substantial quantities of ruggedized

devices with the goal being to outfit as many employees as possible with the same device
while having to purchase devices as infrequently as possible. (Purchasing typically
follows a five to seven year life cycle plan.) The applications that run on these devices to
aid the worker in performing job functions are generally developed in-house. No matter
how anticipatory the applications become, manual data entry is always a requirement and
is used by the field worker throughout the day. Manual data entry may be regarded as one
of the more time intensive interactions with the ruggedized device and, in logistical
environments where every second counts, multiple manual entries could make the
difference on whether or not a delivery or some other time sensitive job function is
completed on time.
To this day, almost all manual input into most rugged handheld devices is
performed through a physical keypad. Rugged devices with a keypad usually have
touchscreen input as well but the display size ranges between 3.0 and 4.0 inches diagonal
and isn’t conducive to prolonged manual typing on a virtual keyboard. The physical
keypads on these devices range in key size and configuration. Typically, the keypads
with larger keys are in alphabetical order, have one key per letter, and utilize a shift
function to enter numbers. Physical keyboards with QWERTY configurations have
smaller keys in order to achieve the same layout as a keyboard. The alphabetical keys in a
QWERTY configuration are around half the surface area of the keys in the alphabetical
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configuration. The numbers keys are both separate from the others and larger, or a shift
functions is again required. The alphabetically ordered keys cause a learning curve for
new users and the QWERTY configuration is often too small for workers with average
sized hands.
Physical keys on ruggedized handhelds have their disadvantages but have also
been found to be a necessity when job tasks must be performed in cold weather while
wearing gloves. Using a touchscreen with capacitive interaction capabilities has also been
found to be problematic in rain and snow or when wet.
3.2.2

Technology shift to touchscreens
In 2014, numerous vendors will be offering ruggedized handheld solutions that

offer touch input only. Smartphone-like solutions will look to take hold in the market by
appealing to the consumer-based expectations of the end user. These solutions will utilize
stronger glass so that the display size can support an inch to two inch increase in diameter
without weakening the overall integrity of the device. New hardware and software
capabilities within these new touchscreen only rugged devices will create the sensation of
key pushes, allow accurate key presses while wearing thick gloves (without the need for
specially finger tipped gloves), and will be usable with water on the screen. The
technology can now meet the industrial need just as the look of the device can begin to
match worker expectations for user experience.
3.2.3

Input preference versus reality
Is a shift from physical keys to touchscreens a productive one? Considering the

generational component, Gamers are most engaged in learning complex skills and job
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functions when it’s done via modern technology (Main and O’Rourke, 2011). Show a
rugged device with touchscreen only input to a front line worker in an industrial
environment who is between 18 and 35 years of age and they will have a positive, almost
excited reaction as they recognize their expectations and tool user experience are
converging. But just because a worker desires a particular device form factor and may
even be inclined to learn job processes more quickly while using it, there’s no guarantee
that there will be an actual increase in work productivity. Nor is there any concrete
evidence to indicate that Boomers, a cohort known to not be nearly as quick at adaption
of new technology (Rogers, 2003), will lose productive on technology that moves away
from more traditional and familiar characteristics like physical key pads.
Putting theory and preference aside, the goal of this study is to determine which
input type, keypad or touchscreen, on ruggedized handheld devices is best for the
generations leaving and entering the workforce, the Boomers and the Gamers.
3.3
3.3.1

Expected results
Time
Smartphones, tablets, and other handheld consumer devices prevalently use

touchscreen input only over any type of physical keypad. The shift from physical keys to
touchscreens has already occurred in many consumer grade computing and electronic
devices, handheld and otherwise. Users experienced with touchscreen only input are
becoming more common in the consumer market so it can be inferred that more members
of the present day workforce (or more certainly, members of the future workforce) are
experienced with inputting information without the use of physical keys. Because of the
flexibility offered by touchscreens and their virtual key layouts, this study predicted that
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all users, regardless of generational cohort, will complete a set of data input assignments
in less time on a ruggedized device with a touchscreen only versus the time it takes to
complete the same input assignments on a ruggedized device with a physical keypad.
1. Hypothesis 1.a: Users will have a lower overall unit task time with a
touchscreen than with a keypad (Figure 3.1A).
Members of the Gamer generation have grown up immersed in technology (Kapp,
2007), are considered to be “digital natives” (Prensky, 2006), and have been found to be
innovators and early adopters of new technology (Rogers, 2003). Based on these very
defining generational characteristics, it stands to reason that Gamers have been exposed
to handheld devices and technology in general with both types of input interfaces,
physical keys and touchscreen only, for the majority of their lives. Gamers are more
accustomed to entering information onto technical devices and have a higher likelihood
to accept and adopt change in their work tools without having the burden of comparing
present day tools to those used in the past to perform similar job functions. Because
Gamers have a more general exposure to technology and because Boomers have a lower
desire and need to learn new technology while adapting to change (Rogers, 2003), this
study expected members of the Gamer generation to take less time to enter data into a
ruggedized device regardless of input type.
2. Hypothesis 1.b: Users from the Gamer generation will have a lower
completion time for all input types (physical keypad and touch only) than
members of the Baby Boomer generation (Figure 3.1B).
Simply because of their average age and the quick progression of technology over
the past decade, Gamers on average have more experience with or, at the very least,
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exposure to devices with touchscreen only input. Taking the expectations of the first two
hypotheses and combining them, this study predicted that Gamers will be significantly
faster inputting data via a touchscreen only than Boomers.
3. Hypothesis 1.c: Users from the Gamer generation will have a significantly
lower completion time than users from the Baby Boomer generation on
touchscreens (Figure 3.1C).

Figure 3.1

3.3.2

A: Hypothesis 1.a; u = all users | B: Hypothesis 1.b; d = all devices | C:
Hypothesis 1.c; b = Baby Boomers, g = Gamers

Errors
Where the first hypothesis set focuses on the differences in completion time

between handheld input types as well as time differences between the Gamer and Boomer
generations, the second hypothesis set focuses on error count during the data entry test.
To reference the same logical reasoning applied to Hypothesis 1.c, Gamers are likely to
be more experienced with a touchscreen than they are with a physical keypad on
handheld devices. For this reason, this study expects Gamers to make fewer errors on a
ruggedized device with a touchscreen than one with a physical keypad.
4. Hypothesis 2.a (Figure 3.2A): Users from the Gamer generation will make
fewer errors with a touchscreen than with a keypad.
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Just as this study expects Gamers to be more familiar with touchscreens than with
physical keypads, the opposite is expected of Boomers especially when ruggedized
handhelds are considered. Since the inception of most ruggedized handheld devices, the
main input mechanism has been a physical keypad. In a work environment, Boomers
experience with a physical keypad is likely more significant than the longevity of their
experience with a touchscreen. For this reason, this study anticipates that Boomers will
actually have more errors on a touchscreen than they will on a keypad.
5. Hypothesis 2.b (Figure 3.2B): Users from the Baby Boomer generation
will make fewer errors with a keypad than with a touchscreen.
This study expects error count when using a ruggedized device with a keypad to
be comparable for both the Gamer and Boomer generations given Gamers quick adaption
of new technology (Rogers, 2003) and Boomers longer experience with physical
keypads.
6. Hypothesis 2.c (Figure 3.2C): Users will make the same number of errors
with a keypad.
Based on the previous three expectations identified for the second hypothesis, the
natural progression is to anticipate that Gamers will make fewer errors than Baby
Boomers on a ruggedized handheld with only touch input.
7. Hypothesis 2.d (Figure 3.2D): Users from the Gamer generation will have
fewer errors on a touchscreen than users from the Baby Boomer
generation.
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Figure 3.2

3.4
3.4.1

A: Hypothesis 2.a; g = Gamers | B: Hypothesis 2.b; b = Baby Boomers | C:
Hypothesis 2.c; k = keypad | D: Hypothesis 2.d: b = Baby Boomers, g =
Gamers

Methodology
Participants
Forty participants from 11 unique locations around the continental United States

were tested for this study and included 20 people from the Gamer cohort (between 18 and
35 years of age) and 20 from the Baby Boomer cohort (between 50 and 68). In order to
qualify for this study, each participant had to be a regular user of ruggedized devices in
the field and had to be experienced with the MC9500 handheld device. Rugged
experienced was determined through participant self-reporting. Participants were required
to have one year of experience or more with ruggedized devices. The participants were
generally representative of a workforce that performs industrial and logistical job
functions on a daily basis. The average respondent age for Gamers was 28.1 years (SD =
3.19). The average respondent age for Boomers was 53.2 years (SD = 3.27). Men
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comprised a significant proportion of participants (85%) because women participants
(15%) weren’t as available at the locations selected. This male to female ratio is
somewhat representative of the gender breakdown for the company that provided
participants for this study. Women represent a smaller portion of the field workforce
(26%) with men making up a large majority (74%) of the field workforce for this
company. Of the Gamer participants, all of them (100%) owned cell or smart phones.
Most of the Boomers (85%) owned cell or smart phones as well. Table 3.1 breaks down
participant experience with touch and key input as well as ruggedized device experience.
Table 3.1

Experience with devices by generation (cell values = number of
participants)

Experience with:
Devices with
touch input only
Devices with
physical keys
Ruggedized
handheld devices

3.4.2

<2
years
4

Gamers
2-5 5-10 > 10
years years years
7
9
0

Boomers
<2
2-5 5-10 > 10
years years years years
9
9
2
0

0

5

9

6

1

6

3

10

2

10

7

1

1

2

1

16

Tools
Since the purpose of this procedure was to record input variance between

ruggedized handheld devices with keypads and without, there were three main goals in
the device selection process. First, the devices were to have similar characteristics. For
example, key surface area for the device with physical keys had to be comparable to the
virtual key surface area on the touchscreen only device. Also, the height and weight of
the devices had to be similar as to encourage the participant to hold the two devices in a
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comparable way while inputting data. The second goal was to ensure that as few new
variables were introduced into the study as was realistically possible. The final goal was
to use a keyed, rugged device that participants were already experienced with and used
on a daily basis to perform their job function. With those goals in mind, the following
two ruggedized devices were used: Motorola MC9500 (key) and the Motorola ET1
(touchscreen) (see Figure 3.3). Autocorrect was disabled for both devices during the
study.

Figure 3.3

The Motorola MC9500 [left] and Motorola ET1 [right]
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Additional tools (as shown in Figure 3.4) were required to capture the responses
from the participants as they enter data into the ruggedized handhelds. During the test, a
mobile usability testing tool was attached to the back of the handheld. This tool had an
arm that extended up and over the front of the device with a camera fixed to the end of
the arm. A Mr. Tappy filming kit was be used to perform this function. The camera, a
Swann DIY Security Camera (color) with built in microphone, was facing the screen and
keypad to record all data entered onto the screen. Attaching the filming kit and camera to
the devices allowed natural movement and use on the part of the user. Fixing the device
to an immobile surface would have skewed the results of the test by forcing the
participant into an unnatural typing position.
An A/V to USB converter was needed to send the signal from the DIY Security
Cameras into the laptop computer where the PowerDirector movie capture software was
used to record high quality movie for later analysis. Lastly, MiniTab v16 was used for
statistical analysis of all data captured as a result of this study.
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Figure 3.4

3.4.3

The complete tool setup for the study

Procedure
The experimental procedure had three components: 1) a demographic and device

preference questionnaire that was read to the participants, 2) recorded data entry on the
first handheld device, and 3) recorded data entry on the second handheld device.
At the beginning of the procedure, prior to any data entry, each participant was
asked a brief series of questions. The first question established which generation the
participant was a member of: Gamer generation (between 18 and 35 years of age) or
Baby Boomer generation (between 50 and 68 years of age). Their gender was captured as
well as their work job function. Participants were then asked if they own a cell or
smartphone and their experience level with consumer grade handheld devices that have a
keypad or a touchscreen. The participant then had to confirm their years of ruggedized
device experience.
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Each participant was asked to manually enter the contents of the task list into a
word processor application housed on the ruggedized device. The task list was provided
on a sheet of paper and contained randomized container names and comments such as:
1. ake53190fx unload bulk to storage
The participant was then asked to enter each data entry task line onto the device in
the follow manner:
ake53190fx
unload bulk to storage
This forced a minimal level of concentration and separated the participants who
would normally concentrate from those who did not. One carriage return was required
after each line. Two carriage returns were required between each entry set of container
and comment. Notes were provided on the task worksheet reminding the participant of
the carriage return rules. Each container name was comprised of three alphabetical
characters, five numeric, and two alphabetic for a total of 10 characters to ensure both
letters, numbers, and the shift key were utilized. Each comment was between 19 and 24
characters which is the average length of a comment generated for a barcode label. The
sheet of paper with the 30 tasks was placed in front of the tester who could then move the
list around as needed in order to read it and perform data entry onto the device. The
lighting for participants was the same and consisted only of general room lighting; no
task lighting was used. Each participant was told to enter the data as quickly as possible
while trying to be as accurate as possible. Mistakes could be fixed and was encouraged.
Each participant completed 30 tasks on each device, and the middle 20 tasks were used
for data analysis.
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3.5
3.5.1

Results
Descriptive statistics
Table 3.2 provides mean and standard deviation calculations of the time data by

generation and for all generations. For the middle 20 data entry tasks, most participants
(78%) took less time with touch input (M = 670.63 sec; SD = 150.82 sec) than with
physical keys (M = 828.40 sec; SD = 271.33 sec). Sixteen Gamer participants (80%) took
less time with touch input (M = 559.80 sec; SD = 75.58 sec) than physical key input (M =
678.65 sec; SD = 176.78 sec). Boomers were in a similar situation with 15 participants
(75%) taking less time with touch input (M = 781.45 sec; SD = 122.97 sec) than physical
key input (M = 978.15 sec; SD = 269.54 sec). Figure 3.5 visualizes these findings.

B

A

Figure 3.5

C

A: All users take less time on touch; u = all users | B: Gamers take less time
on touch; G = Gamers | C: Boomers take less time on touch; b = Baby
Boomers
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Table 3.2

Mean and standard deviation for all times for all participants

KEY: Timed Tasks (sec) TOUCH: Timed Tasks (sec)
Tasks 6 to 25 TOTAL Tasks Tasks 6 to 25 TOTAL Tasks
678.65
1004.10
559.80
840.80
M
Gamers
176.78
254.39
75.58
117.77
SD
978.15
1475.85
781.45
1206.45
M
Boomers
403.86
122.97
187.43
SD 269.54
828.40
1239.98
670.63
1023.63
M
All
409.94
150.82
241.15
SD 271.33

Table 3.3 provides mean and standard deviation calculations of the totaled error
data by generation and for all generations. On the middle 20 data entry tasks, 58% of
participants had more total errors on touch input (M = 34.68; SD = 22.06) than on
physical key input (M = 30.65; SD = 30.37). While only 12 of the Gamer participants
(60%) had more total errors with touch input (M = 40.65; SD = 22.59) than with physical
key input (M = 29.15; SD = 19.20), their average total error rate was much higher on
touch. While Boomers had a similar average with 11 participants (55%) making more
errors with touch input (M = 28.70; SD = 20.34) than with physical key input (M =
32.15; SD = 38.99), their average total error rate on touch was slightly lower than on key.
The standard deviation for Boomer total errors on the keypad was quite high when
compared to other generations and other devices. Figure 3.6 visualizes these findings.
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A

Figure 3.6

Table 3.3

C

A: All users take less time on touch; u = all users | B: Gamers take less time
on touch; G = Gamers | C: Boomers take less time on touch; b = Baby
Boomers

Mean and standard deviation for total errors for all participants

M
SD
M
Boomers
SD
M
All
SD
Gamers

B

KEY: Mean Error Totals by TOUCH: Mean Error Totals
Task
by Task
Tasks 6 to 25 TOTAL Tasks Tasks 6 to 25 TOTAL Tasks
29.15
45.10
40.65
59.10
19.20
31.59
22.59
29.47
32.15
45.95
28.70
42.25
38.99
41.16
20.34
28.12
30.65
45.53
34.68
50.68
30.37
36.22
22.06
29.68

Errors were categorized as resolved errors and permanent errors. Resolved errors
were errors initially made by the participants but eventually corrected. Permanent errors
were errors made by the participant and never corrected. While no error is ideal,
permanent errors are a concern from a business process perspective. Per the results shown
in Table 3.4, Gamers saw an increase in permanent errors from the physical keys (M =
9.90; SD = 14.05) to the touchscreen (M = 18.15; SD = 15.89). Boomers saw an
improvement in permanent errors from the keypad (M = 19.20; SD = 29.63) to the
touchscreen (M = 14.80; SD = 15.01). It should be noted that the standard deviation in
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permanent errors for the Boomers on keypad input was much higher (SD = 29.63) than
all other standard deviations when comparing generations and devices. When averaged
together, all participants had only a slight increase in permanent errors on the touchscreen
(M = 16.48; SD = 15.35) than with the physical keypad (M = 14.55; SD = 23.37).
Table 3.4

Mean and standard deviation for resolved and permanent errors for tasks 6
to 25

M
SD
M
Boomers
SD
M
All
SD
Gamers

KEY: Error Totals for 6 to 25 TOUCH: Error Totals for 6 to 25
Resolved
Permanent
Resolved
Permanent
19.25
9.90
22.50
18.15
12.03
14.05
12.66
15.89
12.95
19.20
13.90
14.80
12.32
29.63
9.44
15.01
16.10
14.55
18.20
16.48
12.43
23.37
11.85
15.35

Results from the participant survey revealed that the majority of all 83% of
participants preferred touch input. Gamers preferred touch input slightly more (85%) than
the Boomers (80%) over input with the physical keys.
3.5.2

Inferential statistics
All analyses were performed using Paired t–tests and ANOVA tests.
Hypothesis 1.a stated that all participants, regardless of generation, would take

less time with touch input than with a physical keypad. Table 3.2 reveals a notable mean
difference between the two input types in favor of this hypothesis, further analysis reveals
that significantly less time was needed to complete the input tasks with touch input for all
users, t(39) = 4.77, p < .001.
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Hypothesis 1.b stated that Gamer participants will take less time than Boomer
participants with both touch input and physical keypad input. Table 3.2 also shows that
Gamers do in fact take less time with both device input types than Boomers but further
analysis shows the Gamers take significantly less time than Boomers on touchscreens,
F(1, 38) = 47.16, p < .001, and keypads, F(1, 38) = 17.27, p < .001.
Hypothesis 1.c stated that Gamers will take significantly less time than Boomers
with touch input but implied that both Gamers and Boomers will have similar times on
devices with physical keys. This has already been proven via the analysis done in the
second hypotheses that Gamers were significantly faster than Boomers on the
touchscreen by 3.79 minutes, F(1, 38) = 47.16, p < .001, and keypads by 4.99 minutes,
F(1, 38) = 17.27, p < .001. The nearly two minute difference in means with the keypad
showing the biggest difference in the Gamers favor likely speaks to two things: 1) the
natural ease of use of a touchscreen interface and 2) the thumb dexterous capabilities of
the generation of workers who grew up immersed in a video game culture.
Hypothesis 2.a stated that Gamers would make fewer errors with touchscreen
input than with a physical keypad. This was not the case. There was not a significant
difference between Gamers error rates using the touchscreen or keypad, t(19) = -1.65, p =
.116. An increase from 29.15 errors on the physical keypad to 40.65 errors on the
touchscreen by the Gamers indicates that additional research is needed to further explore
this hypothesis.
Hypothesis 2.b stated that Boomers would make fewer errors with a keypad than
with a touchscreen. This was also incorrect. The difference was not significant between
error rates on different input types, t(19) = 0.50, p = .623.
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Hypothesis 2.c stated that all users would make the same numbers of errors on the
physical keypad. This appears to be correct as there is no significant difference between
generations for total errors on the keypad, F(1, 38) = 0.10, p = .759.
Hypothesis 2.d stated that Gamers would have fewer errors on the touchscreen
than the Boomers. While there wasn’t a significant difference, additional research with a
larger sample size should be pursued to understand if Gamers will consistently have more
total errors on the touchscreen than the Boomers, F(1, 38) = 3.09, p = .087.
3.5.3

Exploratory Analysis
While all users collectively to take significantly less time on touch input than with

keypad input, further analysis has indicated that each generational cohort individually
takes significantly less time on each device. Gamers took significantly less time
completing their input tasks on a touchscreen than on a physical keypad, t(19) = 3.25, p =
.004. Likewise, Boomers took significantly less time completing their tasks on
touchscreen than on a keypad, t(19) = 3.60, p = .002.
Also, an 83% increase in permanent errors from physical key input to touchscreen
input for the Gamers is interesting data. Twice as many permanent errors for the Gamers
between device input types isn’t significant but warrants further investigation, t(19) = 1.93, p = .069. The permanent error rate for Boomers was not different across input
methods, t(19) = -0.81, p = .425.

57

3.6
3.6.1

Discussion
Time Analysis
The first goal of the time component of this study was to explore that, on average,

members of the workforce would take less time to complete input tasks on a ruggedized
handheld device with a touchscreen versus a rugged device with a physical keypad.
While this study correctly anticipated that ruggedized handheld users who are Gamers
would prefer and be better at touch input than physical keypad input, the penetration of
smartphone and tablets on and influence over the Boomer users was sorely
underestimated. Not only did both generations of ruggedized handheld users take
significantly less time performing their input tasks on a touch screen than on a keypad,
both generations strongly preferred touch over keys. Separately, each generation took
significantly less time with touch input than with the keypad.
The second goal was to test the assertion that the youngest members of the
workforce who had grown up immersed in technology as digital natives (Prensky, 2006)
would in fact be more acclimated to all devices regardless of input type. Analyses
revealed that Gamers actually took significantly less time with their input tasks on both
devices, physical keys and touchscreen, than their Boomer colleagues who have more
ruggedized handheld experience. This appears to support the theory that Gamers are
already adept at using modern technology from their personal lives in the workplace
(Tulgen, 2009).
The third goal was to assess the amount of time that it took Gamers to complete
their input tasks compared to the Boomers for the same set of tasks. This study expected
the input time difference between Gamers and Boomers to be significant with
58

touchscreen and not significant with physical keys. This was not entirely the case as the
analysis revealed that Gamers took significantly less time on both input types than
Boomers.
3.6.2

Error Analysis
The first goal of the error analysis portion of this study was to help identify

whether Gamers would make fewer errors with an input type they were more familiar and
comfortable with. Results showed that Gamers may have made more errors on the
touchscreen than on the physical keypad, however, there was not a significant difference
between error rates on the two devices. While there still wasn’t a significant difference,
further analysis showed that much of the error count increase was due to permanent
errors. Permanent errors have a greater negative impact on performance and warrant
further consideration. There isn’t enough evidence to prove a significant difference but
the possibility of a higher error rates demand further research with a larger sample size to
validate if a negative relationship between Gamers and data input on touchscreens exists.
Should a negative relationship exist as is alluded to in the near significant difference in
Gamer error rates on the two input types, this could pose a business problem for
industrial organizations looking to move to touchscreen only ruggedized devices. One
theory for an increase in permanent errors is that, just as Gamers have grown up never
knowing a time when there wasn’t technology (Kapp, 2007), so too have they not known
a time when there wasn’t corrective logic in word processing applications. A Gamer has
gone their entire adult life using auto-correct, auto-complete, spell check, and other
anticipatory communication logic. Auto-correct and auto-complete on smartphones have
gotten so accurate at predicting what the user is attempting to type that a Gamer may
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actually expect the device to detect and correct the most important errors which
obviously did not occur for this test as corrective logic was turned off.
The second goal for error analysis was to determine if Boomers would make
fewer errors with the keypad as they would, in theory, be more familiar with the
ruggedized device with physical keys than with a touchscreen. However, Boomers had no
difference between input types. Boomers grew up in the era of typewriters and likely still
remember when making input mistakes caused typing processes to be far less productive
than they are today. Auto-correct and auto-complete software likely has not had the same
level of influence on the Boomers that it has had on the Gamers.
The third error analysis confirmed that both Gamers and Boomers would have
comparable error rates on the device with the physical keys. Both generations of testers
use the Motorola MC9500 on a daily basis and so their experience level, while not equal
given the extra work experience of the Boomers, appears to have created similar device
usage abilities.
The fourth goal for error analysis was to determine whether Gamers had fewer
errors than the Boomers on the touchscreen. Results show that the Gamer error rate on
the touchscreen was much higher than the Boomer’s rate. These results indicate that
making a change from physical keys to a touchscreen input is more of a productivity
increase for the older generation and not for the youngest generation in the workforce as
one might have originally expected.
3.7

Conclusions
Given the results of this study, there does appear to be a time advantage to using

ruggedized handheld devices with touch input over rugged devices with physical keys.
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While this is of little surprise for the Gamer generation, there was a better than expected
performance by the Boomers with a touchscreen only device. Also unexpected was the
notable increase in errors (namely permanent errors) made by the Gamers on the
touchscreen. Where the Boomers experienced a slight improvement on error rates on the
touchscreen, Gamers will need some form of software aid in order to mitigate their higher
error rates. This study recommends that a move to touchscreen on ruggedized handheld
devices in the industrial space be made with caution and the understanding that careful
incorporation of spell check, auto-correct, and auto-complete be placed into the software
applications that will be running on the device. Training on the use of the device is
always an option as is continuing to remove the need for the user to manually enter data
and information into the device. A mean increase in 9.90 permanent errors by the Gamers
on physical keys to 18.15 permanent errors isn’t ideal but it’s correctable if organizations
are aware and plan for problem mitigation.
Regardless, the device preference of the field workers and the device that they
appear to be better at using from a time saving perspective is the same for both
generations. Also from an error perspective, Boomers appear to benefit immediately with
no notable drawbacks. Given this information, touchscreen input is recommended for the
future design of ruggedized handheld devices.
Limitations for this study mostly include diversity of the participants and the
touchscreen only device selection. Having only six women out of 40 participants wasn’t
enough to understand any differences that may be gender based. The ratio of female
participants in the study (15%) was lower than the ratio of females working in the
company (26%). Also, the mean age for Boomers was a little low (M = 53.2, SD = 3.27)
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considering that the Boomer age range spans between 50 and 68 years of age. The
majority of field workers employed by the company that took part in this study are
Boomers (43%) so it’s unfortunate that the mean wasn’t slightly higher. The Gamers
were the second highest generational cohort of field workers (29%) employed by the
participating company. The total number of participants (n=40) was sufficient enough for
most variables but the borderline results with the errors suggests that further investigation
should be performed with a larger sample of the population to validate whether or not a
significant difference exists. Also, there weren’t enough participants in the study that
represent the bottom tier of workplace performance. Field testers were sometimes
identified as potential participants by their management largely as a reward for having
performed well. High performers aren’t likely to represent the lower tier in work
performance. Lastly, the ET1 device with touch input was the best option at the time that
this study was conceived considering the focus was largely on key surface area and
height and weight of the device. New rugged, touchscreen-only options are becoming
available and may allow for exact key surface area and shape compared the physical keys
of the MC9500.
Next steps following this study include understanding the role screen size has in
touch input time and error rate. True future ruggedized handhelds will likely not have a
screen matching the size of the ET1. Instead the screen will be smaller (ideally between
4.7 and 5.5 inches). Also, another study will need to evaluate how effectively users can
input information on future handheld touchscreens while using thick gloves. For regions
where cold weather is an issue for large portions of the year, touch input will not be
successful if data cannot be input using large gloves. Lastly, further analysis of the types
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of errors that occur on a touchscreen, when they occur during data entry, how the device
is being held during data entry, and why they occur between different generations
warrants investigating. Also, analyzing errors based on content type (container name
versus comment) has value in understanding what errors are most likely to occur. This
additional research will allow application developers to mitigate these risks.
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CHAPTER IV
HUMAN FACTORS GENERATION 2.5: RUGGEDIZED HANDHELD DEVICE
DESIGN PREFERENCES BY GENERATION

4.1

Introduction
The study of the design of creating tools for workers in an industrial environment

that allows them to perform their job functions more efficiently and effectively has been
around for some time in the form of a science called human factors. Since the beginning
of man when implements were created for the first time, tools have evolved to better
integrate with the needs of the user. Starting in the 1930’s with the advent of computing
technology, the tool design evolution for the common worker has increased at a rate that
sees significant changes at a more frequent pace. This shifting landscape has led to the
identification of the different generations of human factors as they pertain to the
workforce and their tools. For example, industrial tools of today are currently in a
cognitive fit state meaning that they harmoniously integrating humans, technology, and
work to enable more effective systems.
Regarding today’s tools in the workforce, ruggedized handheld scanning solutions
are a significant tool for industry that have seen minimal significant innovations over the
past decade. While the incremental changes that occur in each generation of ruggedized
handheld devices are important and provide value, they do nothing to bridge the gap
between the current generation of tools and the next predicted step in the way humans
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and machines interact with each other to perform work. There should be a midpoint
between today’s ruggedized handheld computers and the radical, emerging technology
envisioned by human factor future-state expectations.
The purpose of this study will be to define this technological midpoint and
identify requirements specific to handheld devices regarding how these tools can take
advantage of the skillsets of the future workforce based on user preference.
4.2

Four generations of human factors engineering
The goals of human factors as described by Wickens et al (2004) are to enhance

performance, increase safety, and increase user satisfaction for human interactions with
systems. Good human factor practices are those that design systems to be effective at
anticipating human need and deficiencies when interacting with said systems. In this
sense, human factors plays out like a loop (Wickens, Lee, Liu, & Becker, 2004) of
endless design improvements to further facilitate the increasingly important relationship
between humans and technology. The “Revolution in Information Technology” per Boff
(2006) has further created cyclical transformations in the nature and practice of human
factors.
Technology is the application of the process that allows organizations to relate
science to engineering in a way that clarifies what that technology does (or should do) for
the business (Roussel, Saad, & Erickson, 1991). The research and design (R&D) of a
future ruggedized handheld devices based on the skillsets and preferences of the
upcoming work demographic would simply be the process of applying human factors
concepts toward the development of this technology. Keeping both of these concepts—
R&D and human factors—tightly coupled creates positive shifts toward the invention of a
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device that could begin to anticipate the needs of future generations of workers. Roussel
et al (1991) defined these positive shifts as the three basic types of R&D where each type
can move technology forward in drastically different ways.
Building off these concepts of research and development, Boff (2006) established
four separate paradigms for the research, development, and practice of human factors.
These paradigms, or generations, evolved out of the idea that the state of knowledge and
technology had experienced such a dramatic transformation in the areas of information,
biological, and cognition that the very practices of human factors needed to transform as
well (Boff, 2006). The four generations as described by Boff as well as the three R&D
shifts defined by Roussel et al and how the two theories relate are provided in Table 4.1.
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Table 4.1

Four generations of human factors and ergonomics (Boff, 2006)
Equipment
Adaptation

Description

Generation 1 Physical fit

Generational
Current
State
Mature

Adapt equipment,
workplace, and tasks to
human capabilities and
limits
Generation 2 Cognitive fit Harmoniously integrate Growth
humans, technology, and
work to enable effective
systems
Amplify human physical Emerging
Generation 3 Neural fit
and cognitive
capabilities to perform
work through symbiotic
coupling with
technology
Embryonic
Generation 4 Biological Biologically modify
fit
physical and/or
cognitive capabilities to
maximize human
effectiveness

4.3

R&D Type as
per Roussel et
al (1991)
N/A

Incremental
R&D
Radical R&D

Fundamental
R&D

Current ruggedized handheld scanning technology
Ruggedized computer devices are specifically designed to operate properly in

damaging, punishing environments such as extreme temperatures (typically between 20°F and 140°F), dusty and dirty surroundings, and wet conditions that can range from
moisture and humidity to bad weather events to complete submersion under water. Also
included in the requirements of a ruggedized device is the ability to withstand a series of
shocks and drops (typically of 4 to 8 feet in height). Five components of a handheld
determine whether or not it qualifies as a ruggedized device: the outer shell (casing), the
keypad, the display, the internal components (onboard computer), and the accessories
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(Gooley, 2012). All five of these components will be discussed but the ones most
important to this study are the outer shell (or form factor), the keypad (or touchscreen),
and the display.
Ruggedized handheld scanning devices available in the market today meet the
definition of Generation 2, or cognitive fit, based on Boff’s (2006) human factors
generational concepts as the humans and technology are integrated into effective systems.
New device design iterations contain minor improvements to each of the five components
from the previous ruggedized handheld but true innovation towards Generation 3—or
neural fit between technology and the worker—of human factors is lacking. The casing
may get more ergonomically refined as the overall size of the device gradually decreases
and becomes less brick-like in shape. The keypad will continually be modified to make
the keys more durable, to move them further apart, or to change the order of the keys
from alphabetical to QWERTY and vice-versa. The internal components will shrink and
become more powerful every time a new wave of computer technology reaches the
market and so on. Small, iterative changes of this kind classify as the “me too” response
rut that marketers often fall into as they take industry-standard feature sets and add a
single, niche feature in an attempt to stand above the competition. For this reason,
industry markets tend to focus on their direct competition and how to maximize their
current share in the marketplace as opposed to create a new product that truly
revolutionizes the way people do work (Paradis & McGaw, 2007); the type of innovation
seen in a Radical R&D process (Roussel, Saad, & Erickson, 1991).
In an attempt to be more innovative, there has been a shift to thinking that
commercial devices should be used in an industrial setting (Gooley, 2012). Many workers
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now own personal smartphone devices and so the question is often asked, why don’t
companies in the industrial, retail, or service spaces move to consumer products like the
ones Apple and Samsung provide? Why aren’t more organizations pursuing a BYOD
(Bring Your Own Device) model where workers supply their personal devices to perform
work processes? Why can’t an iPhone or Galaxy with a scanner attachment be used by a
person stocking produce in a grocery store or by a courier delivering packages? In some
regards, commercial smart devices can be used but there are certain, costly limitations as
they often can’t survive exposure to vibrations, harsh environments, falls, and other
impacts (Gooley, 2012). The initial low commercial device cost quickly becomes
obsolete as replacements must be purchased at a much more frequent rate (depending on
the environment) and the cost of being without a functioning device quickly outpaces the
initial money saved.
4.4

New handheld technology
The research of Paradis and McGaw (2007) uncovers a problematic trend in

marketing research that mirrors the mindset of ruggedized device development. In their
book, Naked Innovation, they recognize that marketing analysts and their data on
consumers only focuses on the people of today and trends of now. The impact of latent
trend information is minimized or looked over completely leading to their statement that
traditional marketing is failing organizations. Ruggedized device development faces a
similar trend creating a specific need. The need is to create a future ruggedized device
five years from now for the work force that will be in place five years from now, not to
create a device in five years for the workers of today. Creating a device that anticipates
the skillsets and needs of the future generation yet is backwards compatible with the
69

previous generations in the workforce should be the goal that designers keep in mind as
they set out on their R&D process.
Gooley (2012) agrees that device manufacturers are off base as they consider the
next generation of users and future devices. He has some valid requirement
recommendations specifically for the data entry and data view components of the device.
His notes combine well with the focus of this study as it aids in proving the point that a
new device design direction is needed and that it starts with the touchscreen versus
keypad debate. Striving to achieve Boff’s (2006) Generation 3 of human factors design,
or the neural fit, to solve problems of both today and tomorrow is an admirable goal.
However, the culture and technology of industry today—and even five to seven years
from now—isn’t ready to blur the lines between where the human ends and where the
tool begins, epitomizing the characteristics of Generation 3. Yet there must be some
middle ground between Boff’s (2006) Generation 2, cognitive fit, and Generation 3 that
is obtainable and can drive innovation. Based on Boff’s concept, this study designates the
naming of the midpoint between generations as Generation 2.5. Generation 2.5 should
take the next step in the industry space by aiding cognitive capabilities through user
experience in anticipation of the need of the user by systematically knowing the type of
work being performed based on user location, time of day, or some differentiator like
generational skillset. Following Boff’s naming convention, Generation 2.5 equates to
“the awareness fit”. Radical R&D (Roussel, Saad, & Erickson, 1991) is the creative
process needed to achieve this awareness fit.
Essentially, ruggedized handhelds should take the same path that consumer
devices like the Apple iPhone and Samsung Galaxy have proven are possible. Intuitive
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interfaces, anticipation capable devices, and exclusively touch driven input are enough to
make workers faster and more efficient while enabling them to be creative. Creativity is a
work necessity for the Gamer generation (employees born between the years 1979 and
2000) based on their work-driven self-actualization needs (Espinoza, Ukleja, & Rusch,
2010). These changes would be enough to drive a positive industrial culture change.
4.4.1

Rugged handheld scanner requirements
Paradis and McGaw (2007) state: “To be ahead of the curve, we need to spot the

emerging and converging trends that will lead to future standards.” Era Maps, the tool
that they recommend to evaluate trends and define requirements, is the same that will be
used for this study in capturing requirements for the preferred future ruggedized handheld
device. Era Maps create a contrast between past, present, and future trends in culture,
competitive space, and most importantly, technology. For the Era Map in Table 4.2, each
of the five major components of ruggedized handheld devices will be analyzed. The
future trends of requirements shown in Generation 3 are out of scope for this particular
study as they are simply unknown based on technology available today. The out of scope
topics should still be considered at a high level, however, as the Generation 2.5 device
would be a natural progression towards future generations of workers and industrial tools.
The questions presented in the following Era Map are those that handheld manufacturers
in the ruggedized space must look to answer when creating a device that achieves what
Generation 2.5, or awareness fit, addresses in traversing the gap between Boff’s (2006)
cognitive and neural fits.
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4.4.2

Overview of present study
The goals of the presented study were to identify user preferred requirements for

future ruggedized handheld devices based on Generations 2 and 2.5 descriptions as
defined in the Table 4.2’s Era Map. Survey data was collected from a large sample of
individuals aged between 18 and 67 years of age. Questions were posed based on the five
components of ruggedized handhelds as well as an overall ideal handheld selection to
determine preference with the goal being to identify preference based on generational
grouping. Through this data collection effort, seven key questions were used to address
these partialities with the first five questions being grouped together as they related to the
five components of ruggedized handhelds.
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Keypad

Accessories

Internal
Components

Display

The keypad is the main way in which the user
will input data into the ruggedized device
regardless of whether the work environment is
rainy, snowing, extremely hot or cold, full of
dust, bright or dark.
The size of the screen display determines the
size and readability of the information presented
by the ruggedized device to the user. Screen size
could also have an impact on the overall size and
durability of the device.
The internal components of a ruggedized
handheld device include such things as computer
parts, sensors for vibration feedback, antennas
for the internet and making phone calls, and the
battery.
Ruggedized device accessories allow the same
work function to be performed in multiple ways
giving the user options and flexibility when
performing their work tasks. Multiple options
could also create more variability in how long it
takes to get the same work completed.

Outer Shell

Component Description

No peripheral
attachments

Shouldn’t humans be
the interface?

Is a handheld required
at all?

Future
(Gen 3)

Are basic peripherals
still needed; should
device only pair to
other devices?

Doesn’t optimal form
factor mean that only
internal parts change;
i.e. swappable guts?

Comprises the entire Couldn’t a display be
front of the device
flexible and appear
where the user prefers?

Medium to small;
less than 100% of
one hand needed to
hold and perform
data entry
Removal of all
physical keys;
touchscreen only

Near
Future(Gen 2.5)

Even smaller device;
careful to not be too
small and thin
becoming less
rugged
Some basic
Device becomes a
peripherals; may platform; many
lack ruggedization rugged peripheral
options allowing for
work flexibility

Equal to
proportionately
larger than
amount of key
surface area
Large, inflexibly Small components
sized components allow ergonomic
determine size of shaping, device
device
still large

Disproportionatel
y small compared
to the rest of
device

Present

Medium to large;
ergonomically
shaped; requires
one hand to hold
and use
Smaller, more
configurable and
durable keys

(Gen 2)

Large and bricklike; requires one
hand to hold and
% of second hand
for data entry
Larger, less
durable and
configurable keys

Past

Era Map for ruggedized handheld devices based on Boff’s Human Factors Generations

The outer casing of a ruggedized device protects
the internal computer parts and also provides the
user with the sturdy grip they need to hold and
use the device.

Table 4.2
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First, are there generationally-related differences in how current and future
members of an industrial workforce working in a destructive environment would prefer
their ruggedized handheld devices to be designed? Gamers have grown up immersed in
technology (Prensky, 2006) and are known to be engaged by modern technology to learn
more complex skills and job functions (Main and O’Rourke, 2011). Electronic devices
that are familiar to the Gamers provide a means to capitalize on their skillsets (Murphy
2010) because they are categorized as innovators and early adopters whereas Boomers
are not nearly as quick to adapt in new technology directions given their lower
confidence for technological-based changes (Rogers, 2003). Using the premise of these
generational differences in technology acceptance, five questions were asked regarding
the participants’ preference for ruggedized handheld core components, such as device
size, screen size, and input type.
Second, do these potential age-related differences lead to predicted diversity in
the selection of a preferred final ruggedized handheld device? Final device options were
provided that represent Generation 2 requirements, Generation 2.5 requirements, and
combinations of requirements from both generations. Because attitudes about technology
are an important predictor about technology adoption across an organization’s user base
(Alzaidiyeen, Abdullah, Al-Shabatat, & Seedee, 2011), Gamers are expected to look to
innovation for the modern technology trends that they should adopt (Blackburn, 2011) as
represented by Generation 2.5. For Boomers, cultural shifts such as changing tools and
technology can appear threatening (Shih & Allen, 2007) and so they will prefer minimal
change (Rogers, 2003) as represented by Generation 2.
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Third, is there a single, most important requirement that all generations in the
current and future workforce use to select their preferred ruggedized handheld device?
Moving from Generation 2 requirements to a device that mirrors Generation 2.5, the most
dramatic overall change is the shift in input type. As Generation 2 devices rely on
physical keys and Generation 2.5 devices merge a consumer-based experience with a tool
built for destructive environments, this change should be the most notable for both Gamer
and Boomer generations given their technology confidence.
4.5
4.5.1

Method
Participants
A survey covering ruggedized handheld requirements and preferences was

provided to two different demographics: 1) the student body and staff of a university
(people entering the workforce) and 2) targeted employees at an industrial-based
company that have significant hands-on experience with rugged devices (people presently
in the workforce). A total of 106 participants from the university and 486 participants
from the industrial company responded to the survey for a total of 592 respondents. Most
respondents (87%) completed the survey. Of the 512 completed surveys, two participants
incorrectly answered the verification statement indicating that they did not read the
instructional text block prior to a verification survey question. Six respondents had no
experience with devices containing a touchscreen (i.e. smartphones and tablets) or
physical keys (i.e. flip phones and Blackberries). Thus they did not represent the targeted
demographic and their results were excluded. Of the remaining 504 usable respondents,
more than half were female (54%). While most of the women that participated in the
survey were from the industrial company, the participating company only has a 26%
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female representation in the field workforce. Over half of the participants had some
college (51%), another fourth had a Bachelor’s degree (27%), with smaller percentages of
the participants having an advanced degree (11%) or only a high school diploma or
equivalent (11%). Of the respondents, a small percentage was still full time college
students (10%) while the remaining participants were employed full time (90%). Table
4.3 provides a breakdown of years of experience the respondents have with devices with
touchscreen and keypads, as well as experience with ruggedized handheld devices. Most
importantly for this study, nearly one-fourth (23%) of the respondents were from the
Gamer generation (between 18 and 34 years of age), over a third (35%) were from
Generation X (between 35 and 48), and the remaining participants (42%) were Baby
Boomers (between 49 and 67). Most of the participants for this study were field workers
for the industrial company and while the Boomer percentage for the study was similar to
the Boomer breakdown for the company (43%), the Gamer (29%) and Gen-Xer (27%)
were different.
Table 4.3

Respondents usage experience percentage with different device types

Experience
with:
Years of
experience:
None
1 or less
Between 2 and
5
Between 5 and
10
10 or more

Consumer
devices with
touchscreen
only input

Consumer
devices with
physical
keypad input

Industrial
ruggedized
handheld
devices

N/A
3.4%

N/A
0.8%

11.9%
8.1%

34.3%

11.5%

15.7%

34.7%

27.4%

28.8%

27.6%

60.3%

64.5%
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4.5.2

Survey
The survey was designed to collect the following five types of information:

demographics, technology usage patterns, future ruggedized handheld device
requirements, preferred ruggedized device selection and, key selection decision
influencers. Participants answered questions about their gender, age, and educational and
work history. They also answered general questions about consumer-grade and
ruggedized handheld technology experience.
4.5.2.1

Future ruggedized handheld device requirements
Five questions asked about the participants’ design preferences for the five major

ruggedized handheld components. There were two options for each question. One option
represented present day component descriptions (Generation 2) and the other option
represented near future component descriptions (Generation 2.5). Both options for all five
components are underlined in the Table 4.2 Era Map.
4.5.2.2

Preferred ruggedized device selection
Perceived desirability for different ruggedized handhelds with various

combinations of Generation 2 and 2.5 characteristics was also assessed. By selecting a
ruggedized device based on pictures and specifications, respondents indicated which
device they would prefer to use the most while performing their job functions in a
destructive environment. Figure 4.1 provides the four different devices and their ancillary
specification information that the respondents chose from within the survey.
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4.5.2.3

Key decision selection influencers
The main components of a ruggedized handheld (excluding accessories) were

assessed in terms of being the determining factor for why participants selected one device
over others. Respondents selected from device size, screen size, input type, weight, or
provided their own reasoning for how they determined their ruggedized handheld
selection.

Figure 4.1

Device selection provided to respondents in ruggedized handheld device
survey
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4.6
4.6.1

Results
Descriptive statistics
Results from the survey revealed that the majority of all participants preferred

Generation 2.5 characteristics for all but one of the ruggedized handheld components
(detailed in Table 4.4 by generational cohort and overall). The desire to retain physical
keys on the device was preferred by a majority of the respondents (61%) and was the
only Generation 2 preference. The outer shell component was preferred by nearly threefourths (71%) of respondents to remain small so that one hand could hold the device and
perform data entry. A larger display that comprises the entire front of the device was
preferred by many (66%) of the respondents and contradicts the preference to still have
physical keys. Internal components determine the weight and thickness of the device and
most (80%) of the respondents wanted a lighter, thinner form factor. Lastly, over twothirds (69%) of the respondents desired that the ruggedized handheld become a platform
that offers multiple peripherals and options when performing their job functions.
Results also revealed that nearly half of the respondents (45%) preferred Device
D from Figure 4.1 with the touchscreen only over the other devices that have various
combinations of screens sizes and keys. The second most preferred device was Device A
(33%) followed by Device B (15%) and Device C (7%). It’s important to note that
Device B is representative of the device presently used at the industrial-based
organization poled for this study. Regarding the key factor for the selection of the
preferred device, the majority of respondents picked device size (37%) and screen size
(32%). Other selection influencers were input type (19%), weight (10%), and other (2%).
This information is provided in Table 4.5.
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Respondent results for ruggedized handheld requirements questions (n(%))

Respondent results for ruggedized handheld preference and key selection criteria questions (n(%))

11

7 (3%)

1 (0%)

3 (3%)

Other

Gen. 2 Gen. 2.5
35
80 (70%)
(30%)
54
123 (69%)
(31%)
66
146 (69%)
(31%)
155
349

Accessories

Respondent
Preferred Ruggedized Device Selection
Key Decision Selection Influencers
Generational
A
B
C
D
Device Size Screen Size Input Type Weight
Grouping
38
29
36
9 (8%)
Gamer Generation 33 (29%) 19 (17%) 4 (3%) 59 (51%)
(33%)
(25%)
(31%)
79
51
28
18 (10%)
Generation X 59 (33%) 27 (15%) 15 (9%) 76 (43%)
(45%)
(29%)
(16%)
74
(35%)
32
(15%)
16
(8%)
90
(42%)
70
79
33
23 (11%)
Baby Boomers
(33%)
(37%)
(16%)
166
78
35
225
187
159
97
50
TOTAL:

Table 4.5

Respondent
Generational
Grouping

Future Ruggedized Handheld Device Requirements
Outer Shell
Keypad
Display
Internal
Components
Gen. 2 Gen. 2.5 Gen. 2 Gen. 2.5 Gen. 2 Gen. 2.5 Gen. 2 Gen. 2.5
88 (77%)
65
50 (43%)
49
66 (57%)
25
90 (78%)
Gamer Generation 27
(23%)
(57%)
(43%)
(22%)
139 (79%) 104
73 (41%)
61 116 (66%)
33
144 (81%)
Generation X 38
(21%)
(59%)
(34%)
(19%)
129 (61%) 136
76 (36%)
64 148 (70%)
47
165 (78%)
Baby Boomers 83
(39%)
(64%)
(30%)
(22%)
356
305
199
174
330
105
399
TOTAL: 148

Table 4.4

80

4.6.2

Inferential statistics

4.6.2.1

Generation 2 versus generation 2.5 ruggedized handheld characteristics
This study’s initial hypotheses state that more users from the Gamer generation

would prefer all Generation 2.5 characteristics more than users from the Baby Boomer
generation. This belief is due to Gamers’ familiarity with and preference for modern
consumer technology. Boomers would more prefer Generation 2 characteristics given
that the current generation of ruggedized handheld technology is classified in this
category. Results are shown in Table 4.6.
Table 4.6

Summary of inferential statistics regarding device characteristics by
generation

Preference
Characteristic Generation Gamer Boomer
Outer Shell
2.5
77%
61%
Keypad
2
57%
64%
Display
2.5
57%
70%
Internal
2.5
78%
78%
Components
Accessories
2.5
70%
69%

4.6.2.2

Chi-Square Statistics
2 (1, N = 327) = 8.20, p = .004
2 (1, N = 327) = 1.83, p = .176
2 (1, N = 327) = 5.09, p = .024
2 (1, N = 327) = 0.01, p = .928
2 (1, N = 327) = 0.02, p = .896

Gamer versus Boomer ruggedized device selection
Additional hypotheses state that more users from the Gamer generation will prefer

a device option that more closely represents consumer handhelds and represents the
casing, input, display, and size design characteristics of Generation 2.5. Users from the
Baby Boomer generation will prefer a device option that more closely mirrors today’s
ruggedized device design represented in Generation 2. Device D from Figure 4.1
represents all of the characteristics from Generation 2.5 Device A represents all of the
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characteristics from Generation 2. Devices B and C share characteristics from both
Generations 2 and 2.5.
4.6.2.2.1

Gamer device selection

Gamer generation participants preferred Device D (51%) significantly more than
the second most selected device, Device A (29%), z(115) = 3.60, p < 0.001. Gamer
participants also preferred Device D (51%) significantly more than Device B (17%),
z(115) = 5.99, p < 0.001. Device B most closely represents the ruggedized handheld
currently used by the large majority of the participants poled for this study.
4.6.2.2.2

Boomer device selection

Boomer generation participants also preferred Device D (42%) to the second most
selected device, Device A (34%). There is not a significant different in proportion
between Boomer selection of Device D versus Device A, z(212) = -1.60, p = 0.110.
There is a significant difference, however, in Boomers preference of Device D over
Device B (15%), z(212) = -6.53, p < 0.001. Again it should be reiterated that Device B is
the ruggedized handheld currently used by the majority of the participants in this study.
4.6.2.3

Important selection criteria for all generations and users
The final hypothesis states that the users from all generations (Gamers, Boomers,

and Generation X-ers) will find input type to be the most important if the decision for
selection their preferred device. Contrary to the predicted outcome, the selection of most
important factor was significantly different based on generation, 2 (8, N = 504) = 23.64,
p = .003. The Boomers selected screen size the most as their important selection criteria.
Gamers and Gen-Xers both selected device size as shown in Table 4.5.
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4.6.3

Exploratory
Additional analysis of the survey data revealed other areas of significant interest.

4.6.3.1

Gamer versus Boomer preference
When analyzing only Gamer generation and Baby Boomer users and their key

device selection criteria, there was a significant difference in the Gamer participants’
(31%) preference of input type over the Boomer participants’ (16%), 2 (4, N = 327) =
12.84, p = .012. Also, there was a significant difference in Boomer participants’
preference of screen size (37%) over Gamer participants’ screen size preference (25%),
2 (4, N = 327) = 12.84, p = .012.
4.6.3.2

Ruggedized experience preference
The participants that did not have any ruggedized handheld experience were

removed and the remaining participants from all generational cohorts were grouped into
two experience categories: less experienced (one year or less) and more experienced (two
years or more). The results are shown in Table 4.7.
Table 4.7

Summary of inferential statistics regarding device characteristics by
experience

Preference
Characteristic Generation More Exp Less Exp
Outer Shell
2.5
71%
59%
Keypad
2
61%
78%
Display
2.5
68%
54%
Internal
2.5
80%
61%
Components
Accessories
2.5
69%
73%
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Chi-Square Statistics
2 (1, N = 444) = 2.98, p = .084
2 (1, N = 444) = 4.72, p = .030
2 (1, N = 444) = 3.31, p = .069
2 (1, N = 444) = 7.81, p = .005
2 (1, N = 444) = 0.31, p = .579

There was a significant difference in the preference by more experienced
ruggedized device users (71%) for a device with a smaller casing at a significantly higher
rate than less experienced users (59%), 2 (1, N = 444) = 2.98, p = .084. Another
significant difference was found in less experienced ruggedized device users (78%)
preference for a device with physical keys than more experienced users (61%), 2 (1, N =
444) = 4.72, p = .030. More experienced ruggedized device users (68%) showed a
significant difference in preference for a ruggedized handheld with a display
encompassing the entire front of the device than less experienced users (54%), 2 (1, N =
444) = 3.31, p = .069. One last significant difference regarding device components
highlighted that more experienced ruggedized device users (80%) significantly preferring
a lighter, thinner device than less experienced users (61%), 2 (1, N = 444) = 7.81, p =
.005.
Regarding preferred device, there was a significant difference in the more
experienced ruggedized handheld users selection of Device D (Generation 2.5) than
Device B (Generation 2.0) More experienced rugged users preferred Device D (43%) to
Device B (15%), z(403) = -9.49, p < 0.001. There was also a significant difference in the
more experienced rugged user group selection of Device D (43%) over the second most
selection device, Device A (35%), z(403) = -2.46, p = 0.014.
4.6.3.3

Gender preference
The participants that had only one year of ruggedized handheld experience or less

were removed and the remaining participants from all generational cohorts were grouped
by gender revealing that there was a significant difference in gender as well. More
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experienced female ruggedized device users (66%) preferred a device with physical keys
than more experienced male users (56%), 2 (1, N = 403) = 3.63, p = .057. Only the more
experienced male ruggedized device users showed a significant difference for their
preference of Device D (43%) to the next most selected device, Device A, (32%), z(216)
= -2.30, p = 0.022. There was no significant difference in device preference for more
experienced female users in their selection of Device D (44%) to their next most selected
device, Device A (38%), z(187) = -1.16, p = 0.246. Lastly, females with more rugged
experienced showed a significant difference regarding selected input type (20%) and
device weight (13%) as their key selection criteria more so than more experienced male
rugged users selected input type (14%) and weight (7%), 2 (4, N = 403) = 9.68, p = .046.
More experienced male ruggedized handheld users (43%) selected device size than more
experienced female users (37%), 2 (4, N = 403) = 9.68, p = .046.
4.7

Discussion
First, there were minimal generationally-related differences in how current and

future members of an industrial workforce working in a destructive environment prefer
their ruggedized handheld devices to be designed. The majority of all Gamer and Baby
Boomer generation participants appeared to prefer a ruggedized handheld device that has
a smaller casing, has physical keys as an input type, has a large screen encompassing the
entire front, is lighter and thinner, and offers multiple peripherals and options to perform
work functions. However, the desire to have a device with both physical keys and a
screen that covers the entire front of the handheld isn’t a realistic expectation. The
following two conflicting thoughts are presumed: 1) most users are familiar with and
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prefer a large screen possibly for input but 2) the rugged expectations of a harsh
environment may still demand the perception that physical keys are warranted. There
were some generationally-related differences as Gamers preferred a device with a smaller
casing. Presumably, this represents their familiarity with consumer smart phones and the
expectation that handheld devices of all kinds should not be large, bulky, and
inconvenient to transport. Also, there was a preference on the part of the Boomers to have
a larger screen. This discovery has a more significant meaning. As shown in Table 4.8,
almost all of Boomer participants had ruggedized handheld experience and of the ones
with experience, most had over 2 years of experience.
Table 4.8

Baby Boomer generation participant rugged experience breakdown

Years of
experience:
None
1 or less
Between 2 and
5
Between 5 and
10
10 or more
TOTAL:

Baby Boomers with industrial ruggedized
handheld device experience
12
8

5.7%
3.8%

31

14.6%

69

32.5%

92
212

43.4%
100%

These experienced Boomer users who were polled all use a handheld similar to
Device B which has a 3.7 inch diagonal screen size. The fact that they prefer a larger
screen is an interesting industrial finding that may indicate 3.7 inches is considered too
small by front line workers in an industrial work environment.
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Given that only a text description only was used in the features section of the
survey, this may have contributed to the conflicting results where participants preferred
both a physical keypad as well as a screen that encompasses the entire front of the device.
For future studies, pictures should be used wherever possible in place of text only
descriptions in order to remove potential participant confusion. Also, another
recommended change for future surveys would be to employ ranking of key decision
criteria so that a better understanding of why a rugged device was selected could be
identified. Lastly, with such a heavy emphasis on screen size and touch input, a future
study should consider a deeper dive into screen resolution preference.

87

CHAPTER V
GLOBAL CORPORATION ROLLOUT OF RUGGEDIZED HANDHELD DEVICES:
A LEAN SIX SIGMA CASE STUDY

5.1

Introduction
This case study is based on a real company with real challenges. Data was

captured from the field workers and engineers who work for company represented here.
While the name of company described here is fictitious, the content contained within this
paper is based upon real events, real processes, and real data derived from interviews and
surveys. Engineers from this company gathered the data through employee feedback as
well as from observation and hands on experience. They identified problem areas within
a key process paramount to the success of the company and then offered solutions based
on the data capture. This case study records their efforts in detail. The names of the
company and the engineers involved have been changed.
5.2

Company overview
Stark Logistical Process Company, or SLPC, is a multi-billion dollar, service-

based organization that employs hundreds of thousands of workers and management at
over 2,000 locations. SLPC relies on a complex system of asset tracking management
technologies to keep constant visibility into all of the product movement currently taking
place within the system. During peak times of year, SLPC can experience the movement
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of over a quarter of a billion units of product within the logistical pipeline during the span
of a minimal number of calendar days. In order to process this much activity and still
meet end customer expectations, timing is critical; every second counts.
SLPC is a large organization and so changes to the tools and processes used by
the field workers can be a lengthy, slow development that may take years to uniformly
enforce on a global scale. One of the issues facing SLPC today is that the rate of
technology improvements is greatly outpacing the company’s ability to make
enhancements to the field. The technology selection and global implementation process
can take many years. With this process being so lengthy, the competitive advantage that
would have been gained by providing new technology to the field worker shortly after its
availability is lost by the time the tool makes it to the field. In fact, when the technology
gets implemented into the field, it’s no longer new and a competitor may already have
something newer, better, and faster. Worse still is that due to the process being so long,
the true need of the field worker can get “lost in translation” between the identification of
that need and the final tool solution rollout to the field. In some cases, a tool that’s
different from what the field actually needs arrives years after an initial request for help
was made.
In order for SLPC to regain that innovative, competitive advantage it was once
known for in its yesteryear, a culture change that emphasizes increased quality and value
added tasks is needed if this ineffective cycle is ever to be broken. A study was
performed by SLPC engineers to identify current processes for identifying a new device
for the field and its global implementation process. This study starts with the inception of
need (new device requirements) and ends with all devices being distributed to the field.
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5.3

Creating a quality culture
Creating a culture of efficiency-minded expectations is a major driver for an

organization like SLPC to start a Six Sigma implementation process. Six Sigma was
created in order to reduce costs and improve quality through methodologies and tools that
encourage continuous improvement (Van Iwaarden, Van Der Wiele, Dale, Williams, &
Bertsch, 2008). Six Sigma uses quality engineering methods to identify and eliminate
sources of variation, to provide operating effectiveness, and to maximize customer
satisfaction (Linderman, Schroeder, & Choo, 2005).
While Six Sigma is often the tool used to accomplish increasing efficiency and
reducing complexity in an organizational culture like SLPC, George (2003) recommends
using Six Sigma in conjunction with Lean processes as it incorporates the value versus
non-value added approach for the best results. Lean and Six Sigma are often regarded as
rival initiatives as opposed to two tools on the same tool belt. The fusion of Lean and Six
Sigma improves both methods for SLPC for the following reasons:


Lean can’t be used to bring SLPC processes under statistical control



Six Sigma alone won’t dramatically improve SLPC’s process speeds or
reduce their investment capital



Both Lean and Six Sigma will enable the reduction of SLPC’s cost
complexity (George, 2003)

Blending Lean with Six Sigma is presents a strong option. Table 5.1 details what
each of these improvement methods bring to this merger of processes.
Six Sigma uses a wide array of quality problem solving tools which includes the
DMAIC approach. Each phase of DMAIC (Define, Measure, Analyze, Improve, and
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Control) has its own set of tools, most notably the QFD (Quality Function Deployment)
diagram, the Cause-effect (or Fishbone) diagram, Pareto analysis, and the Time Value
map.
Table 5.1

Six Sigma and Lean Enterprise benefit when implemented in an
organization (George, 2003)

Six Sigma
Emphasizes the need to recognize
opportunities and eliminate defects
Recognizes variation as a hindrance

Lean
Focuses on maximizing process velocity

Provides tools for process flow analysis
and activity specific delay times
Requires data-driven decisions
Centers on separation of “value-added”
incorporating a set of quality tools and a work from non-value-added” work with
problem solving framework
tools to eliminate root cause of nonvalue-add activities
Creates a culture of obtaining
Provides a means for quantifying and
sustainable results
eliminating cost of complexity

5.4

Lean Six Sigma applications in the non-manufacturing space
According to George (2003), as much as 50% of the cost in a service-based

organization like SLPC is related to slow speed or performing rework to satisfy customer
needs. The slow speed aspect really rings true in SLPC’s case which is why it’s not
overly critical to make the connection that their processes have high amounts of waste
George (2003) provides four key reasons why service-based companies like SLPC need
to apply Lean Six Sigma to their processes:


Service processes are usually slow and slow processes are prone to poor
quality driving up the cost while reducing customer satisfaction. More
than half the cost in service-type processes and their applications are “nonvalue added waste”.
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Service processes are slow because of the high amount of WIP (or workin-process). Too much WIP is often a result of unnecessary complexity in
the final service and/or product. With too much WIP, work can spend
upwards of 90% of its lifecycle time in waiting.



For slow service-type processes, 80% of the process delay is caused by
less than 20% of the activities that comprise slow processes. Identify and
improve the 20% in order to increase on time delivery of products and
services by 99%.



Improving invisible work is difficult. In certain industrial-based
organizations, management has the advantage of being able to physically
see and trace work flows. But in many organizations, in particular the ones
performing a service for an end customer, as is the case with SLPC,
sections of the work flow are largely invisible. For these organizations, the
WIP is difficult to determine and use of visual management is needed so
to determine process success (George, 2003).

Many of the field workers in service-type functions identify that most of the steps
in the process they follow add little to no value in the eyes of their customers. Another
term for time, costs, complexities, and work that add no value in the customers’ eyes is,
quite simply, waste (George, 2003). For the engineers at SLPC, the end customers are the
field workers that need tools in order to perform their job functions. The process
containing waste is the very one used to selection the tools for the field worker and
distributing it to them for use. The tools referenced to this point can be any technology
that enables the field worker to perform their job. But the most important tools for the
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field are those that give them the ability track their assets throughout the logistical
infrastructure. These asset trackers, or ruggedized mobile computers, are the most crucial
to the field and also the ones that have seen the most selection and implementation issues
for SLPC.
5.5

Asset tracking and tools commonly used by service- and retail-based
industries
Asset tracking management through the process of scanning barcodes was

implemented in grocery stores in the 1970’s to receive quick, accurate information
(Lewallen, 2004). In the early 1980’s, barcode scanning became prevalent in big box
stores (Gibson, 2011), government agencies (Adams, 2012), and shipping and delivery
companies (Nehls, 1988). Asset tracking management of this kind continues to grow
throughout industrial and retail environments as greater emphasis is placed upon
technology and data storage. The process of scanning barcodes is a common solution that
SLPC uses for a large portion of its asset tracking throughout the lifecycle of the product
movement from ingress into the system through its final process check point. For many
organizations that scan barcodes in their process, SLPC included, ruggedized mobile
computing handheld devices are the main tools used by the field workers.
Ruggedized handheld devices are industrial tools specifically designed to operate
properly in damaging, punishing environments such as extreme temperatures (typically
between -20°F and 140°F), dusty and dirty environments, and wet conditions that can
range from high moisture and humidity to bad weather events to complete submersion
under water. These devices are capable of withstanding a series of shocks and drops
(typically of 4 to 6 feet in height). These devices are also significantly more expensive to
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purchase and maintain than their consumer counterparts. Where a smartphone with
similar functional capabilities of a mobile computer may cost hundreds of dollars, it’s not
uncommon for a true rugged mobile computer to cost in the thousands of dollars with a
costly, monthly maintenance price component attached to the life of the device as well.
SLPC pays roughly $1,500 per device and has the expectation that ruggedized handhelds
will last in the field for as long as five to seven years. SLPC workers in the field may be
hands on with the same device for a significant portion of their career.
SLPC knows that it’s more cost effective to take computing and scanning
capabilities to the products being tracked versus taking all product deliverables to a fixed
location. Many processes require a field worker to have a ruggedized handheld in their
position and to physical move to the product or to physically scan the product from key
designated areas at certain steps in the process. Ruggedized handhelds are the main tool
for many of the field workers and the livelihood and productivity of these workers are
largely centered on the usability of the device. Many SLPC workers use the same device
for long stretches of their career so changes from one generation of a mobile computer to
the next are large shifts that require periods of adjustment on the part of the worker.
These challenges make rolling out a new ruggedized handheld solution a steep
task for SLPC, especially when the global aspect of device distribution is considered. If a
quality process for identifying a rugged mobile handheld that meets the need of the end
user isn’t in place, the transition from the current device to a future generation one will be
resisted by workers in the field. Likewise, if a quality culture and process isn’t in place
for massive handheld implementation that takes place on a global scale, the new device
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itself will be seen as a point of frustration, perhaps even a failure, by the live-level
workers and the SLPC organization as a whole.
5.6

Lean Six Sigma application in a global rollout of ruggedized handhelds: a case
study
Lean Six Sigma can reduce the costs of providing services to end customers, the

consumer, by improving efficiency of processes and by improving service delivery
(Furterer & Elshennawy, 2005). Rogers and Banner, engineers at SLPC and authors of
this study, applied key Lean Six Sigma tools and principles to the selection and global
implementation process of ruggedized handhelds. Through the application of these tools,
some areas of the current process were identified as areas of opportunity. The biggest
issues with the handheld selection and rollout process were identified by Rogers and
Banner who are the most experienced with implementation and support for both the
United States as well as non-U.S. locations.
According the methods detailed by Rogers and Banner, the ruggedized handheld
selection process begins by identifying that there is a device need in the field for the
workers performing product identification and movement. This need may arise based on
the impending retirement of a currently used rugged mobile computer or there may be a
completely new application or process identified in need of a tool. Once the need for a
new ruggedized handheld is justified, the requirements process for this tool begins.
Requirements are both technical in nature (i.e. computer processor speed, scanning
capability, cellular versus wireless internet connection, number of radios per device,
antiquated technology restrictions, etc.) and based on the needs of the user (i.e.
ergonomic shape and weight, screen size, durability, trainability, etc.). Gathering the
95

requirements is a crucial stage in SLPC where engineers, members of information
technology, and users from the field come together to identify the best solution called for
by the impending process. Unfortunately, effective communication between these groups
doesn’t always occur, which later leads to implementation issues.
Once requirements are reviewed and approved, the requirements document is
provided to multiple vendors who may opt to provide a rugged handheld solution that
meets the need described within the formal request. SLPC encourages competition
amongst multiple. Most vendors will respond with a device currently within their suite of
products. Very few vendors will offer to create a completely new, custom solution that
promises to meet every requirement requested by SLPC. These device recommendations
will come in the form of official proposals from the vendors to then be evaluated and
rated by members of a select team composed of technology experts, engineers, and
hardware support specialists. The proposals will be narrowed down to the two to three
best graded options where an eventual single vendor recommendation will be made by
the selection committee. This recommendation will then move up through the various
levels of management where, for large, highly customer visible purchases, the final
selection review will occur at the Senior Vice President level and by members of the
Board of Directors.
Once a final device selection is made, the lengthy contract negotiation process
begins between SLPC and the vendor that will manufacture the handheld. The contract
being negotiated covers everything from device costs, peripheral options like charging
docks and cellular providers, to maintenance and where damaged devices are sent.
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Regardless of how long a history between the logistics company the vendor has been in
existence, there is no efficient way to gauge how long the negotiation process could take.
According to Rogers and Banner, while the contract negotiations are in process,
work from other areas of SLPC increases in intensity to prepare the device for the field as
well as to prepare the workers for the new device. If the new handheld is a replacement
for current generation devices that are reaching end of life, transition and retirement plans
for the old handhelds will be created. Regardless of device type and purpose, the largest
step that occurs during this time frame is the preparation of the software for usage on the
new handheld. This is the software that will be used by the line-workers and often
involves the development or redesign of one or multiple applications. This can be a very
lengthy process. Currently at SLPC, all aspects of the software written for the device is
customized development largely done in-house.
Another lengthy component of the process that also occurs during the same time
frame as contract negotiations and application development is the location-level
identification of requirements and verification of said requirements. Example
requirements could be quantities of devices, storage space needs, or specific network
capabilities. To reach out to and communicate with every SLPC location affected by the
rollout is a lengthy process.
Significant amounts of documentation are completed during this time as well. Job
aids for support, maintenance, and training are created for everyone from the field user to
the support technician. Also, the business justification document (or BJD) is finalized in
order to gain financial approval as capital and expense costs at SLPC are forecast out
across fiscal quarters and possibly fiscal years.
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Once the contract service level agreement is finalized, financial approval is given,
software development is complete, location information has been provided, and all
documentation is complete, the financial process will continue to move forward through
the varying approval chains. Also, the application development will begin multiple
rounds of testing in labs with engineers. Testing in the field with actual users begins once
the initial ruggedized handheld device order is placed. While the last stages of field
testing are occurring, the trainers are being trained and the support team is established
and put in place.
The very last step of the process is the actual device rollout for all SLPC locations
that will be receiving the new device. Depending on the scale of the rollout and the
number of locations, the rollout phase could take months to years. The shear amount of
devices often times can’t move to the locations all at once because the vendor
manufacturing the device won’t have enough in stock. Also the finance department
prefers to spread out large costs over many quarters (and sometimes years) so that device
depreciation can begin. Despite the length and importance of this part of the process,
Rogers and Banner explain that the physical deployment component is actually the least
troublesome if the location-level requirement analysis was performed correctly. The
issues lie in selecting a device the field needs and then ensuring that the field will be
accepting of the new device. The next part of this case study will find ways to mitigate
these problems through the use of Lean and Six Sigma tools.
Once the devices are deployed, ideally they will remain in the field for five to
seven years before the next replacement occurs. Figure 5.1 provides a high level process
flow of the tasks described by Rogers and Banner and begins with the recognition that a
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new handheld device is needed and ends once all devices have been deployed to the field.
Note that three separate streams of work were identified during this process: device
selection and vendor negotiations, financial approval, and application and field
preparation. Figure 5.2 shows more details on the dependencies within the steps of the
process and also highlights the four areas that Rogers and Banner felt contained the most
non-value added steps.
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Figure 5.1
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High level process flow task descriptions of device selection and rollout process

Figure 5.2
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Gantt chart of current ruggedized handheld implementation process; areas of improvement highlighted in yellow

5.7

DMAIC in global handheld implementation
The Six Sigma problem solving approach, DMAIC (Define, Measure, Analyze,

Improve, and Control), along with Lean tools were used to find areas of improvement
within the requirements gathering and rollout processes for ruggedized handhelds at
SLPC. Both SLPC process experts, Rogers and Banner, agree with the problem areas
identified within this study but had to keep realistic expectations as to whether or not
these process inefficiencies could realistically be reduced. Currently, no true quantitative
measures of process or quality characteristics exist for any part of this process. There are
qualitative analyses that occur before the rollout and afterward specifically addressing the
physical delivery and setup of the devices but there is not a quantitative process used to
determine true success of the device and its implementation at SLPC.
Rogers and Banner used the DMAIC problem solving Six Sigma methodology to
breakdown the existing handheld requirements through the use of surveys and a QFD
model while distribution processes issues for handheld devices were analyzed in more
detail via a fishbone diagram and multiple Pareto analyses. Lean Six Sigma tools were
applied to the processes at SLPC and this case study explains how these tools will help
mitigate, if not eliminate the issues. Application of each phase and where Rogers and
Banner used it to improve these processes will be presented in the following sections.
5.7.1

Define
The goal of the define phase of the DMAIC process is to define the improvement

area. For this study, key areas include ruggedized handheld tool selection and
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implementation. The activities performed and tools applied during the define phase are
discussed below.
5.7.1.1

Identify Voice of Customer (VOC) rugged handheld need
The field workers and equipment support personnel in the field that use the

current generation solution of ruggedized handheld devices were surveyed and asked to
rank in order their most important requirements for and expectations of the device that
they use on a daily basis. Their answers were averaged into eight general categories
(Figure 5.3).

Figure 5.3

Average ranking of ruggedized handheld requirements by experienced field
users
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5.7.1.2

Identify main limitations of the current generation handheld
Hands on field research was also performed on the current generation ruggedized

handheld. Feedback was collected from field workers regarding what issues they had in
using the current generation rugged device to perform their work. The following five
answers were consistently given, with the most important listed first:

5.7.1.3



Arrangement of physical keys



Shifting between alpha and numeric keys



Device weight too heavy



Easily scratched screen, even with protector



Holster not ideal for sitting in vehicle

Merge key engineering requirements and device focus based on VOC
feedback
Rogers and Banner identified a number of engineering requirements based on

how the future generation rugged handheld will be evaluated. Those requirements were
then placed into a QFD (Quality Function Deployment) as shown in the Figure 5.4. The
engineers noted that each high level requirement within the QFD diagram could be
expanded into their own detailed QFD allowing for each component to be drilled into
more deeply. The engineering requirements were analyzed in correlation with each other
as well as with eight customer requirements defined in Figure 5.3. The value of the
customer requirements provided relative weight to the engineering requirements thereby
indicating the most valuable components of the future generation ruggedized handheld.
The most important engineering requirements included:


Casing (Form Factor / Ruggedness)
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Input Type / Method



Peripherals

A connection between the most important engineering requirements and the key
limitations from the field feedback was then identified by Rogers and verified by Banner
about the current generation handheld device.


Casing (Form Factor / Ruggedness) includes: weight and easily scratched
screen



Input Type / Method includes: arrangement of physical keys and shifting
between alpha and numeric keys


5.7.2

Peripherals includes: holster not ideal for sitting

Measure
The goal of the Measure phase of the DMAIC process is to understand and

document the current state of the processes at SLPC to be improved. Also included
within this phase is the identification of the root causes of the problems that lead to
inefficiencies and errors within the handheld implementation process. The activities
performed and tools applied by engineers Rogers and Banner during the define phase are
discussed below.
5.7.2.1

Identify root causes of problems
Additional experts familiar with device implementation challenges aided Rogers

and Banner in creating an 8P Cause and Effect (or Fishbone) diagram. The Fishbone
diagram was used to identify root causes during an implementation. These root causes
related to price (such as compromise on effort, staffing, or device quality), promotion of a
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cultural champion (lack of a champion or field resistance), people, (disconnect between
user need and technology direction), process (inconsistent and complicated), product
(tool doesn’t meet the need), procedures (lack of timely key decisions), policies (complex
regulatory requirements or lengthy contract negotiations), and place (regulatory and
approval challenges). A Fishbone diagram is presented in Figure 5.5.
5.7.2.2

Profile process current state and identify areas that lead to process
inefficiencies
Additional process experts aided in assigning worst case time durations to the

many steps of the current implementation process (Figure 5.2). While the steps in their
totality were believed to be very lean, there were some key steps that were identified as
having too lengthy of a duration due to non-value-add components within said steps. The
four steps identified were:


Reviewing all proposals provided by the vendors



Term negotiations between SLPC and the vendor selected



Identification and verification of the field location requirements



Application development to prepare the tool for field use
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Figure 5.4
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QFD (House of Quality) Diagram of engineering versus VOC handheld requirements

Figure 5.5
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8P Fishbone diagram with top causes leading to poor handheld rollout; A & B designees identified as top overall
issues

5.7.3

Analyze
Rogers and Banner used this phase is to analyze the problems and process

inefficiencies in order to define improvement opportunities (Furterer & Elshennawy,
2005). Part of the analyze phase approach is to perform a cost–benefit analysis to
understand if improvements are cost beneficial. Follow-up discussions with additional
ALPC experts aided in the composition of what productivity improvement
recommendations were “realistic” given the socioeconomic setting of the organization.
5.7.3.1

Analyze gaps from poor and unsuccessful implementations
The cause and effect diagram study (Figure 5.5) revealed gaps throughout the

device selection process. All issues in the diagram were identified by experts in the
process through interviews conducted by Banner. The top issues were highlighted in
interviews with people who had been or were currently in process of performing a device
selection and field rollout. The Pareto analysis in Figure 5.6 provides percentages of
occurrence based on interview feedback.
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Figure 5.6

5.7.3.2

Estimated percentage of occurrence of top issues in all handheld rollout
projects

Further gap analysis
To further emphasis the power of identifying the biggest and most commonly

occurring issues during device selection and rollout, Rogers created a second Pareto
analysis show how taking a single problem and breaking it down into smaller, more
workable “chunks” was ideal for SLPC when trying to gain forward momentum. Figure
5.7 takes the most visible gap and breaks it down into the areas known to cause the
delays. This not only highlighted a problem for the engineers at SLPC, but the biggest
area of the problem which in turn identifies where Rogers and Banner need to focus their
engineering resources first and with the most force.

110

Figure 5.7

5.7.3.3

Percentages of where delay issues reside within handheld rollouts

Identify improvement opportunities and develop an improvement plan
Improvement opportunity recommendations for SLPC were identified by Rogers

and Banner and grouped as Lean categories: software development and preparation,
technology direction expectations, field requirements verification and preparation, and
proposal and terms review.
5.7.3.3.1

Software development and preparation:


Speed up new application development by writing software that isn’t
hardware dependent; software requirement definition and development
can begin prior to device selection
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Reuse and adopt software that comes installed on the handheld device;
don’t rewrite any software or firmware that the device provides and
repurpose the provided software that doesn’t exactly meet need



Contract out for new technology expertise until existing staff learns new
skillset; don’t wait for existing staff to overcome learning curve alone

5.7.3.3.2

Technology direction expectations:


Consistently check point with the field on their requirements and use their
feedback to weight the importance of the engineering requirements; use
top rated engineering requirements to score solutions for the field



Avoid the “hammer before the nail” scenario, meaning don’t find a new
piece of technology and go looking for problems to solve with it, start with
the problem and design the necessary solution



Take global considerations into account; certain technologies are
unavailable, unaffordable, or unwanted in certain areas of the world and
not all global solutions will be capable of truly achieving a global rollout

5.7.3.3.3

Field requirements verification and preparation:


Create a means to more quickly gather location specific information
regarding the state of their network and equipment distribution room
capabilities; technology information should be available and analyzable at
all times for any business project justification



Identify field champions that not only buy into new efforts and provide a
positive voice to the line level workers but can provide input back to the
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engineers and project team during all stages of the process especially
including the gathering of requirements


Ramp up key field staff, even if on a contractor basis, so that forward
momentum on new device deployments can see the implementation end
before the new technology that the device offers is already years old and
already in use by all competitors

5.7.3.3.4

Proposal and terms review:


Automate the proposal process via web form templates so that the vendors
supplying the proposal information must provide all necessary information
and know exactly what information is important in the scoring process;
also, the form can contain logic that automatically scores vendor
technology solutions so that by the time the proposal submission process
is complete, the top two devices are already identified



Increase term negotiation time frames by flexing the size of the legal
department when critical junctures in the contractual process require
significant hours of work; eliminate reasons why legal approval remains
incomplete simply because it remains in a queue or unsigned on a desk

5.7.3.4

Perform a cost-benefit analysis
While exact costs of these improvements haven’t been wholly vetted by SLPC

engineers beyond general theory, the recommendations by Rogers and Banner that help
decrease the disconnect between what the field needs and what technology direction the
organization wants to pursue are neither costly nor time consuming. Understanding the
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customer, or field worker in this case, should be as simple as understanding how to
conduct studies that capture both quantitative and qualitative data and feeding the results
of those analysis into the score card for the future ruggedized handheld device. The most
important finding by Rogers and Banner for SLPC was the fact that the five main
limitations of the currently deployed rugged handheld map back directly to the three
engineering requirements that were the most important based on what the field said they
needed most. Rogers and Banner believe that had an engineering requirements weighting
process occurred prior to the release of the current handheld device rollout, those top five
limitations might have been mitigated.
5.7.4

Improve
The purpose of the improve phase was for Rogers and Banner to implement the

improvements within SLPC, measure the impact of the improvements based on additional
expert feedback, document procedures, and train employees on the improved procedures.
5.7.4.1

Implement improvement solutions
Experts from SLPC all agreed with Rogers and Banner that the easiest and most

impactful changes within their control were the three recommendations falling within the
technology direction expectations. Performing consistent checkpoints with the field based
on user opinion as well as detailed data capturing analysis doesn’t have to be costly or
time consuming and, if a better device that’s the right tool for the job is deployed, the
amount of money saved on the backend of the rollout would be significant. Also,
researching new technology and keeping an awareness of where industrial tools are
headed is important. Keeping this awareness becomes more valuable, however, when the
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needs of the field workers are kept in the forefront when considering new technology
solutions. Banner strongly stressed that just because a new handheld technology is at the
initial peak of the Gartner Hype Cycle (Fenn, 1995) as shown in Figure 5.8, it doesn’t
mean that the tool needs to be forced into the work space in an attempt to solve a problem
that may require a different tool and solution entirely. Lastly, SLPC now understands that
the organization needs to build their requirements with global ramifications in mind.
Identifying a solution based on the needs of the United States and then attempting to
make those requirements work for all international locations might not lead to a
successful implementation. A US-first approach could alienate those foreign SLPC
locations and cause them to invent their own solutions that are home-grown and more
difficult to support.

Figure 5.8

5.7.4.2

The Gartner Hype Cycle (Fenn, 2008)

Measure impact of the improvements
Using guidance from Rogers, SLPC believed that measuring true improvements

made against the process should be apparent immediately as process length decreases.
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One of the most obvious issues with the current selection and implementation process is
how incredibly lengthy it is. Discovering new technology and reaping the competitive
benefit from it is no longer relevant if the process puts the new technology in the hands of
the user years after its initial release. SLPC now sees this and measurement of improved
process time would be a clear indicator of improvement.
Hard data on productivity improvements related to the ruggedized handheld
would also be a provable, track-able metric that the correct handheld tool for the field
was selected. New iterations of a ruggedized handheld tool should only stand to better or
improve task productivity times. Worst case, productivity from the new tool should be at
least the same as the old tool. All of these metrics are able to be captured which would
paint a picture at SLPC for how well the engineers defined the requirements and scored
the proposals from the vendors.
Likewise, qualitative analyses can be performed using the line-level workers by
capturing their real world interaction with the new device and how successful they
believed the selection and implementation process to be. Perception is reality in the eyes
of the end user and it will be no more apparent than upon the completion of the process.
A project closeout phase can be performed to ensure that any issues that did occur will
never be repeated again in future handheld rollout iterations.
5.7.4.3

Documenting procedures and training employees on the improved
procedures
Rodgers, Banner, and the other experts that aided in the use of the tools like the

QFD spreadsheet, Fishbone diagram, and Pareto analyses documented the data capturing
procedures including detailed analysis steps for how to build out and weight solid
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engineering requirements. The procedures were thorough enough that the next handheld
selection process that occurs at SLPC will include these detailed steps. Teams responsible
for aiding in the selection of future technology will look to incorporate the example set
by Rogers and Banner into all future technology investigations, not just those involving
ruggedized handheld technology.
5.7.5

Control
The control phase will be used at SLPC to implement performance measures as

well as other methods to control and continuously improve the processes (Furterer &
Elshennawy, 2005).
5.7.5.1

Design and implement process performance measures
Throughout the course of this study, several process and device selection

measures were recommended By Rogers and Banner to help assess the productivity and
quality of the identification and rollout of future ruggedized handhelds.
5.7.5.2

Implement a continuous process improvements approach to always
improve
Keeping constant lines of communication open between the people identifying the

requirements and representatives of the field workers to correctly identify need and
priority during tool selection is an excellent way to continually improve all future
technology selections. Rogers and Banner also heavily encouraged finding ways to
shorten the time gap between the points when a new technology is identified and when it
finally gets implemented into the field. Creating a culture at SLPC that’s “value-add”

117

focused is imperative in being able to gain a competitive advantage on bleeding edge
technology and ideas.
5.7.5.3

Celebrate the successes, reward, and recognize winning project team
Often considered one of the last but very important steps of the control phase is to

recognize when improvements have actually occurred and to celebrate those progressions
(Furterer & Elshennawy, 2005). Recognition at the top most level within SLPC for the
people who actually identified the need, performed the work, and improved the processes
by enhancing the culture is key. Only allowing management of these personnel to receive
credit and bask in the success is a mistake that will erase many of the positive benefits
gained.
5.8

Results and conclusions
Since identifying the benefits that can be had by using Lean Six Sigma tools

within SLPC, the open line communication between the field and engineers as well as
mapping requirements into a QFD diagram will be incorporated into future tool selection
processes. Also discussions with the software application development teams to
understand how development rework can be eliminated from the handheld
implementation process have begun. This has led to larger discussions between the
engineers on the business side of the logistics company and the Information Technology
department. Management and staff for both the business and application development
personnel have begun to significantly align due to the understand that technology is
moving so fast and the current processes are so lengthy that not changing the current
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course of action would mean losing competitive advantage that SLPC has and eventually
risk becoming obsolete.
Rogers and Banner, the engineers responsible for this study, believe that there is
definitely some benefit to be gained by speeding up the proposal review process as well
as the contract negotiations with vendors. However, of all the recommendations
presented within this study, these changes will be the most difficult without truly
understanding all of the legal ramifications. There is no question that the legal and
financial processes must run their course because in not doing so, SLPC would open
itself up to risk. So while there is always room for improvement, the experts interviewed
for this Lean Six Sigma study believe that enhancements within these areas are out of
their control. Further discussion with the Sourcing, Legal, and Financial departments is
warranted before any additional recommendations for process modifications can be
made.
Another part of the interview process conducted by Banner for this study covered
the causes why Lean Six Sigma-related efforts fail. Issues like lacking in 1) shared
ownership (Geier, 2011), 2) management support (George, 2003), and 3) cultural
champion representation (Moosa & Sajid, 2010) are problems often associated with
failures of quality management approaches. In addition to the experts’ opinions on the
current process, Banner also asked which of these three problems would be the biggest
issue facing the logistics company when trying to implement the changes recommended
in this study. Banner found that the lack of a culture champion was identified as the
biggest issue facing future device selection and rollout processes. Finding those key,
influential line workers that are respected by their peers is a difficult task when working
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to a global scale. A lack of identifying and partnering with these essential champions in
the past has led to resistance to change as well as a slow-to-nonexistent communication
flow back from the field regarding tool selection and successes (or likely failures). Shared
ownership wasn’t as consistently selected as an issue because of the experts’
understanding that not all locations and not all departments will be on board when an
implementation of this size occurs regardless of how sound the tool methodology may be.
Rogers agreed and regarded this as unfortunate but admitted that it likely wouldn’t affect
the end result of the entire rollout. Management buy in was seen as the least impactful
issue of the three because, with a good selection and implementation project team, poor
management or a lack of management can be overcome.
Rogers and Banner, along with the additional experts who aided in the creation of
this case study largely agree that a stronger tool kit comprised of Lean and Six Sigma
principles provides insight into improving the current state of the ruggedized handheld
device selection and implementation process at SLPC. While Lean Six Sigma
applications are mostly geared toward usage in the manufacturing space, this case study
has proven to be an example of how Lean Six Sigma tools can be applied to a servicebased industry. More importantly, these engineering tools can be used to provide the
competitive corporate advantage that comes from implementing the best industrial tools
to the workers in the field in a timely manner.
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